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5DRILLED WELLS AND GROUND WATER IN
THE PRECAMBRIAN CRYSTALLINE BEDROCK OF
FINLAND
Esa Rönkä
RONKA, E. 1983. Drjlled wells and ground warer in the Precambrian crystal
line bedrock of Finland. Publications of the Water Research lnstitute,
National Board of Waters, Finland, No. 52.
This work sheds light on the effect of fracturing of the bedrock, the local
type of rock, topographical features, and the type of land utilization on the
quality and quantity of ground water yielded by the bedrock in the region of
Finland characterized by Precambrian crystalline rocks. The investigation of
the role played by fracturing was based on the interpretation of maps. Rock
powder and water samples were taken from drilled wells. The findings
showed that fracturing of the bedrock is a more important factor than the
type of rock in question in its effect on the ground-water yield. According to
the classification applied in the work, the wells drilled in the most fractured
area are on the average 40 % shallower than the ones drilled into solid
bedrock. The thickness of the soil cover overlying the bedrock contributes to
matters, too: a thick soil cover has the effect of increasing the specific yield
of the bedrock. The average depth of the wells is 60 m and the yield estimate
based on test pumping of short duration, 30 m3/d. Factors most commonly
causing a deterioration of the quality of ground water are excessively high
iron and manganese contents. The quality of the water was found to be fair
or better with respect to both iron and manganese in 75 % of the obser
vations made.
mdcx words: crystalline bedrock, fracture zone, drilled wells, ground water,
water yields, water quality, Precambrian, Finland.
1. INTRODUCTION
1.1 Purpose of the study
It is estimated that between 3 000 and 4 000 wells
are drilled into Finnish bedrock each year. If the
average depth of the wells is 60 meters, this would
mean that the combined length of the holes bored
into rock for the water supply alone adds up to
180—240 kilometers, with the overali cost to the
consumers amounting to 20—25 million markkas.
With only a few exceptions, the wells are Iocated
close to the points of consumption without taking
into account the occurrence of fracture zones in
the bedrock, where sources of water are most
easily accessible. Toward reducing the costs of
drilling wells and improving the chances of obtain
ing water, the present study represents an effort to
develop simple methods of interpreting maps to
locating fracture zones affording relatively easy
access to reservoirs of ground water.
One important objective followed in the work
of the National Board of Waters has been to
6increase the use of ground water on account of its
better quality and protectibility in comparison
with surface water. As for planning to achieve the
foregoing objective, however, there is an insuffi
ciency of knowiedge about the possibilities of
exploiting the ground water in Finland — notably
the water resources contained in the Precambrian
crystalline bedrock. It was for this reason that, in
1976, the National Board of Waters undertook
an investigation into the feasibility of driliing
wells to augment the country’s water supplies. It
was aimed to shed light on the following matters:
— the yield of drilled wells
— the circumstances affecting the water yield of
bedrock
— the quality of the water, and the circumstances
affecting it.
At the same time as this investigation was being
conducted, the Geoiogicai Survey of Finland was
carrying out a study of the hydraulic properties
of the crystalline bedrock in connection with a
research project dealing with the disposal of
nuclear wastes (Miettinen et al. 1978, Nimi and
Salmi 1979, Nimi et al. 1979 a, 1979 b, Salmi M.
1980, 1981). The objectives of that study are, how
ever, quite different from those of the present
investigation as regards fracturing of the bedrock.
1.2 Earlier investigations
Numerous investigations into the ground water
contained in Precambrian crystalline bedrock have
been made in other parts of the world and have
proved significant from the standpoint of the
utilization of water resources (e.g., Le Grand 1958,
Davis and Turk 1964, Larsson et al. 1972, Allen
and Morrison 1973, Tröften 1973, Hordon 1980,
Brutsaert et al. 1981, Ericsson 1981). In Sweden,
the possibilities of applying not only the seismic
refraction method but other geophysical methods
as well to the investigation of zones of weakness
in the bedrock have been studied (Mullern 1979,
Mällern and Eriksson 1979).
The studies carried out in Finland on ground
water contained in bedrock have been of limited
scope and have generally dealt with the quality
of the water (Hyyppä 1963, 1973, Salmi 1963,
Lahermo 1970, 1971, Hartikainen 1976, Lahermo
et al. 1979, Rönkä et al. 1980). In addition, special
ized studies have been published, as on the radio
activity of ground water and, above ali, its radon
content, the occurrence of which in the water con
tained in bedrock has been investigated (Asikai
nen 1981a, 1981b, Asikainen and Kahlos 1977,
1979, Castrn et al. 1977, Hyyppä and Juntunen
1977, Kahlos and Asikainen 1973).
Research directly concerned with the procure
ment of a water suppiy has been done in Finland
on the drilling of wells into bedrock (Natukka
1955, Laakso 1966, Rautavuoma 1967, Nimi 1977,
Rönkä and Turtiainen 1980).
2. INVESTIGATION AREAS
AND METHODS
2.1 Investigation areas
The initial material for the present study consisted
of samplings from 1000 drilled wells, 300 of which
were discarded in the first examination owing to
faulty well constructions and/or insufficient data.
From the total of 700 observations thus made, 400
are included in the statistical study and the other
300 in other hydrogeological interpretations to the
extent that data have been obtained from each
observation site.
On the basis of the geological and hydro
geoiogical factors involved, the whole region
covered by observation points has been divided
into four investigation areas and one control area,
as foilows (Fig. 1):
1) Middle Finland (grano-quartz-dioritic plutonic
rocks)
2) Savo (migmatite gneiss with granite bands)
3) Helsinki district (granites and quartz-feidspar
schist)
4) Vehmaa (rapakivi granite)
5) Control area (granite).
The regional division appears in Table 1.
Table 1. Regional distribution of drilled wells included
in the investigation.
Province No. of municipalities No. of wells
Central Finland 21 208
Uusimaa 7 154
Häme 16 128
Kuopio 20 76
Mikkeli 14 58
Vaasa 8 51
Turku and Pori 9 31
Total 95 706
72.2 Methods of investigation
Of the methods used in the present study, some
are traditional, but certain other of the procedures
and classifications have been developed in connec
tion with the investigations (Table 2). The
methods are as follows:
—
queries addressed to drillers and owners of wells
—
terrain controls to verify data
—
classification of data according to source (e.g.,
items of information from the same driller
grouped together in the same category for the
evaluation of the reliability of the results)
—
laboratory examinations of water and rock
powder sampies
— visual examination of rock powder sampies for
the classification of the particle size
—
hydrogeological map interpretation, supported
by an inspection of the terrain, of the near
surroundings (area: c. 3.5 km2) of every observa
tion site (well)
— classification of the observation sites according
to type of land utilization, topography, kind of
soi!, variety of rock, fracturing of the bedrock,
and the location of sources of po!lution in the
vicinity
—
statistical examination of the findings in the
light of regression analysis.
Fig. 1. Location of the study areas and the wells investigated.
8Petrographic maps, drilling powder
sampies, survey of terrain,
separate investigations
Basic maps, explanatory texts of
maps, interrogational data,
surveys of terrain
Classification
Eminence
Piain
Depression
Bedrock
Coarse-grained
(gravel and sand)
Fine-grained
(siit and clay)
Till
Peat
Felsic plutonic
rocks;
Granite
Granodiorite
Quartz diorite
Porphyry granite
Silicic schists; Mica gneiss
Veined gneiss
Mica schist
Mafic rocks; Amphibolite
Gabbro
Hornblende gneiss
Amphibole gneiss
Diorite
Rapakivi
Quartzite
Limestone
Numerical value of
fracturing (density
of fracture zones)
in close proximity
of well (No/3.5 km2)
Distance from closest 0 m
fracture zone to well > 0 m
Sources of pollution of
ground water in
proximity of observation
sites
Basic map, interrogational data,
surveys of terrain
Cesspits, sewage points; distance and
elevation in relation to well
Large industrial plants, highways;
distance to well < 2 km
> 2 km
2.21 Data obtained with questionnaires
Information on the structure and near surround
ings of wells was obtained through questionnaires
submitted to drilling firms and well owners. The
forms to be filled out differed, for the drilling
firms provided information on recently drilled
(1—2-year-old) weiis and the owners on wells in
use for some time (2—20 years). The forms con
tained questions relating to the following matters:
— owner of the well and its exact location
— year of completion of well
— purpose served by well
— soil cover on site ofwell
— do waters from the overburden pass into the
tube of the drilled well?
— level of stable, cesspit, and fresh-feed suo and
distance from drilled well
— surface fracturing of bedrock on weIl site,
estimated in accordance with the Finnish engi
neering geological classification criteria (Kor
honen et al. 1974)
— test pumping data (date and duration of pump
ing, changes in water table during pumping,
estimate of capacity of well made on basis
of pumping)
— estimate of amount of water consumed daily
— has the welI ever been drained empty?
— own evaluation of the quality of the water
— personal observations on the quality of the
water, changes in the quality, etc.
Table 2. Methods and classifications used in hydrogeological interpretation.
Methods, material used
Basic (topographic) map, survey of
terrain
Basic map, interrogational data,
surveys of terrain
Tilled field
Forest (including untilled
bogland)
Dense settlement (planned area)
Object of classification
Topography and type of
land utilization
Type of ground
Variety of rock
Fracturing of bedrock
Minor separate
groups;
Low <5
Moderate 5—10
High > 10
92.22 Hydrogeological interpretation
The hydrogeological interpretations have been
carried out on the basis of basic (topographic)
maps, petrographic maps, questionnaire data, and
soii observations. An interpretation has been made
of the near surroundings of each observation site,
by which is meant the area contained within a
radius of one kilometer around the observation
site.
The data used in the ciassification of topo
graphy, land utilization, soi1 (Quaternary deposits),
and variety of rock refer specifically to the observa
tion sites and not to the whole area included in
the hydrogeological interpretation.
The fracturing of the bedrock is represented in
terms of the number of fracture zones cutting across
the area being interpreted. The width of each
fracture has been taken into account in the coeffi
cient of rectification, the formulation of which wiil
be discussed later. In the interpretation, the width
of the fracture zone is measured from one upper
edge of the fracture valley to another (top of the
siope).
2.23 Investigation of water sampies
The water sampies were collected in the years
1978—1979, and they are singie sampies. Second
sampies have always been taken when the analytic
results have indicated any error in the initial samp
ling. The sampies have been taken with the appar
atus in the wells regularly used for drawing water
by letting the water run off, as instructed, until
the water to be selected as the sample has issued
directly from the source in the bedrock (Vesihaili
tus/National Board of Waters 1973).
Ali the physical and chemical determinations of
water qua.lity have been done in the water laborato
ries under official jurisdiction following the proce
dures generally in use in the administration of
waters in Finland (Erkomaa and Mäkinen 1975).
Part of the determinations have been done in the
water laboratories belonging to the Nationai Board
of Waters and part in those belonging to the Water
District Offices. The determinations involved the
following: pH, specific conductance, color, total
hardness, calcium, magnesium, sodium, potassium,
silica, iron, manganese, sulphate, phosphate, chior
me, fluorine, ammonia, nitrite, nitrate, copper,
zinc, cadmium, lead, and nickel.
The radioactivity determinations were carried
out at the Institute of Radiation Protection where
the radon(222Rn), gross aipha activity (totala) and
radium(226Ra) as weil as uranium were determined
from samples with an exceptionaliy high gross aipha
activity.
In the taking of sampies, instructions given by
the Institute of Radiation Protection were foi
lowed (Asikainen and Kahios 1977). The determi
nations were made immediately after the deiivery
of the sampies, that is, on the average within two
days after the sampies had been taken. The deter
minations were made appiying the methods in use
at the Institute of Radiation Protection (Annan
mäki and Kahlos 1978, Asikainen and Kahios
1979).
2.24 Investigation of puiverized rock sampies
In connection with the driliing of the welis, a rock
powder sample was taken of the rock material
contained in the fiushing water. Each sample was
taken 4—5 m above the bottom of the weil. The
samples were collected during the period May 1 to
December 31, 1979, by the driiling firm of Pentti
Kallioniemi from ali the weiis drilled by it. The
total number of sampies came to 102, over 90 % of
which originated from the Central Finland area
(Fig. 2). The regionai distribution of the sampies
is shown in detail in Table 3.
Table 4 reveals ali the different determinations
done from rock powder samples coilected at van
ous investigation sites.
Table 3. Regional distribution of the pulverized rock
sampies taken from drilied wells.
Province Number of sampies
Central Finland 58
Häme 25
Vaasa 12
Mikkeli 7
Total 102
Table 4. Number of pulverized rock sampies investigated
in comparison with water samples from corresponding
drilled welis.
Rock sampies Water sampies
No. of in- Visual X-ray Chemi- Chemicai ana
vestigation observa— analysis cal lysis
sites (drilled tions analysis
weiis)
102 x
82 x X
37 x X X
27 x X X X
10
2.241 Visual examination of pulverized rock
sampies
In the preliminary visual examination of the
sampies, the principai minerais, kind of rock, and
particle size of the rock powder were determined.
Mainly on the basis of the fine-grained components,
the rock powder sampies are grouped into four
classes of particle size, as presented in Table 5
(cf. Kauranne 1970a, 1970b, p. 10).
Toward checking the visual determination, a
control screening of sampies belonging to every
class was also carried out.
Tabie 5. Particle size classification used in visual examin
ation of pulverized rock sampies.
Particle-size ciass Prevailing particle size
1. Very coarse > 5 mm, no fine-grained material
at ali
2. Coarse 2—5 mm, some fine-grained
components
3. Fine 0.5—2 mm, fine-grained material in
abundance
4. Vety fine < 0.5 mm, nearly ali of material
Anorogenic igneous rocks
_______
Impactite mett
Diabase (jotnian)
Graniti, mainty rapa—
kivi (pre-cambrian)
Pre—cambrian orog.nic
pLutonic rocks
Acid ptutonic rock,
“ in generaL
Granite
Granodiorite and
I5” quartz diorite
Gabbro, anorthosi te
and uttrabasic rocks
Pre—cambrian metamorfic rocks
Metabasatt arnphibo(ite
and hornbtende gneiss
Quartzite
PhyLlite and mica schist
Mica gneiss
Quartz—fetdspar schist
2.242 Determination of chemical composition
of pulverized rock sampies
The chemical composition of a rock was determi
ned from 37 rock powder sampies. For the chemical
analyses of pulverized rock, the sampies were
digested in a Teflon-lined acid digestion bomb,
after which different ASS methods were used
(Bernas 1967, Ayranci 1977). The method referred
to was used to analyze the following oxides: Al203,
Fe203, FeO, CaO, MgO, Na20, K20, Ti02,
MnO.
2.243 Determination of mineral composition of
pulverized rock sampies
Qualitative and semi-quantitative X-ray analyses
were made from sampies of pulverized rock to
determine the composition and relative quantities
of the principal minerais. The visual estimation of
the principal minerals included in particle-size class
4 (very fine) was based solely on the color of the
rock powder; therefore, support for the determina
Fetdspar and quartz
nsi porphyry
_______
Migmatite
Granite gneiss
0 20 40km
11
Å Water and rock powder analyses made
Water analyses made
Fig. 2. Pre-Quaternary rocks of the study area from which the rock powder sampies were taken (Rönkä et al.
1980).
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tion had to be obtained through X-ray analysis —
as likewise for the determinations of the minerais
resulting as the product of weathering.
3. PRINCIPAL HYDROGEO
LOGICAL FEATURES OF THE
REGIONS INVESTIGATED
3.1 Climatic conditions
The four areas included in the study are located
between the 60th and 64th degrees of latitude.
The annual mean temperatures vary in the area
investigated taken as a whole within the range of
+2...+5°C. The highest temperatures occur in the
district of Vehmaa and the lowest in the northern
parts of the Savo region (Heino 1977).
The climate is humid. The mean annual precipi
tation is 600—650 mm (cf. Aario and Castren
1969).
The annual evaporation, as measured from Class
A evaporation pans, is as follows, by regions
(Vesihallitus/National Board of Waters 1980):
Middle Finland 560 mm
Savo 490 mm
Helsinki district 780 mm
Vehmaa 540 mm
The average annual number of days with a snow
cover by regions (Heino 1977) is as follows:
Middle Finland and Savo 140—170
Helsinki District 120
Vehmaa 100
The thickness of the snow cover by regions is:
Middle Finland and Savo 40—50 cm
Helsinki District and Vehmaa 10—30 cm.
3.2 Morphology and Quaternary
deposits
Middle Finland. Typical of the region are strong
fracture (fault) zones trending nearly N-S (Seder
holm 1913, Matisto 1961, Marmo 1963), which
cause differences of as much as 200 min elevaiion
in the bedrock topography. These differences in
elevation are at a maximum when another notable
fault trend (NW-SE) intersects the foregoing main
trend (Sederholm 1913). In certain places, also the
NW-SE trend is morphologically most prominently
visible (Marmo 1965).
The mean elevation of the ground varies between
+100 m and +120 m.
The most prevalent type of deposit overlying
the bedrock is glacial till, the boulder content of
which varies. The valleys are covered with sorted
deposits, mainly consisting of silt.
Savo. This region is characterized by a more
rugged morphology than the Middle Finland
region. This is due to the differences in the
rocks, particularly the extensive occurrence of
schistose rocks (Wilkman 1938). In this region,
the trend of block movements that has most
conspicuously affected the morphology is NW
SE (Mikkola and Nimi 1968, Puustinen 1971).
This trend is exhibited by the lake basins in
particular. Also the effect of movements with
the NS trend is apparent in the morphology,
notably as regards the trend of quartzite occur
rences (Wilkman 1938). Puustinen (1971) has done
a photoanalysis of the Siilinjärvi district, on the
basis of which a rose diagram of the photolinea
ments has been made, showing that the lineaments
are divided nearly evenly between the NW-SE
and N-S trends.
The average elevation of the ground is the same
as in the Middle Finland region (Okko 1964). Ac
cording to the basic maps, however, the local
differences in elevation are on the average smaller
in Savo than in Middle Finland.
The nature of the overburden is also the same in
both regions: that is, till deposits 3—5 m thick
overlie the higher part of the bedrock, and de
posits of finer composition (silts) blanket the till
in valleys.
Helsinki district. The morphology of the dis
trict deviates from that of the two foregoing
regions owing to the abundant occurrence of areas
characterized by outcrops of rock. Southern Fin
land was once totally submerged and waves then
washed bare many of the rocky slopes. The trends
of the main fractures are NE-SW and NW-SE.
Many valleys have been worn down upwards of
50 m below the level of the surrounding country.
The valleys have been susceptible to erosion, for
one and the same valley is likely to have small
fracture systems running in different directions
and intersecting each other (Härme 1978). The part
of the valleys eroded deepest into the surface
of the bedrock has been observed to be on the
same side as the steeper rock wall (Nimi 1968,
Rönkkö 1968, Rönkä 1970).
The mean elevation of the ground varies be
tween + 40 m and + 50 m, and the local dif
ferences in elevation average less than 50 m.
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The most prevalent surficial deposits are com
posed of clay or siit, and they cover large fracture
valleys as beds as much as 30 m thick. Underlying
the clay and siit deposits is a layer of glacial till
about 5 m thick. The till layer has been found to
occur thinner in valleys running parallel to the
movement of the ice sheet rather than in the
valleys cutting across the direction of ice flow (Nii
ni 1968, Nimi et al. 1972, Nimi 1973). Till also
occurs on the slopes of bare-topped rocky emi
nences but not so commonly as in the Middle
Finland and Savo regions (Hyyppä 1950, Virkkala
1959).
Vehmaa. The morphology of this district is
based on the tectonic structure of the rapakivi
massif; the most.prominent fault trend is NE-SW.
The rocky ridges rising above the surroundings,
again, run perpendicular to this trend. The nearly
horizontal fissure trend produces terracing on the
rock slopes (Kanerva 1928).
The mean elevation of the ground varies be
tween only about+10 m and+15 m, and the local
differenccs in elevation are less than 20 m.
The rocky tracts have been washed relatively
bare, as is typical of the whole coastal belt, to
which also the Helsinki district belongs. The
most prevalent deposits are clay and siit, but
the beds are thinner than in the Helsinki district.
The wells in the Vehmaa district extend on the
average down 30 m below sea level.
3.22 Form of utilization of the land at the
observation sites
The observation sites are divided on the basis of
the form of utilization of the land into three cate
gories (Table 8). By “field area” is meant the area
under cultivation, by “forest area”, forest in either a
natural or cut state and uncultivated bogland.
By “planned area” is meant a thickly settled area
of small houses, the average lot size of which is at
most 2000—3000 m2. The form of land utiliza
Table 6. Classification of observation sites based on
surrounding topography, by regions investigated.
Number of observations
Emi- De
Study area nence Piain pression Total
Middle Finland 26 182 11 219
Savo 21 74 11 106
Helsinki district 7 33 2 42
Vehmaa 2 9 0 11
Control area 10 0 2 12
Total 66 298 26 390
3.21 Topography of the observation sites
The observation sites of the present study have
been divided on the basis of topography into three
categories (Table 6). By an “eminence” is meant a
place rising above the average level of the sur
rounding topography; and for the purposes of our
investigation, such a rise should not continue more
than 10 m above the level of the well site. The
classification basis of a “depression” is the opposite.
The rest of the observation sites belong to the
category of “piain”. The topographic criteria for
“eminence” and “depression” have been made
“strict”, so that in the interpretations the possible
influence of surface runoff on the quality of the
water in a drilled well would be taken into account.
The mean height of the land surface above sea
level is the greatest in the Middle Finland region,
where also the local differences in elevation are the
greatest, according to the standard deviation (Table
7). It is in this region, too, that the maximum
value for the material as a whole was recorded,
230 m above sea level, whereas the minimum
value, +1.5 m, was recorded in the Vehmaa district.
Table 7. Mean elevation (rneters a.s.l.) of the observation
sites, by study areas: i arithmetic mean, s = standard
deviation, n number of observations.
Elevation of land
Study area s n
Middle Finland 126.5 35.2 219
Savo 106.4 19.7 43
Helsinki district 59.8 34.5 54
Vehmaa 8.2 6.1 11
Control area 56.5 5.2 12
Total 108.8 45.0 327
Table 8. Classification of observation sites based on
form of land utilization, by study areas.
Number of observations
Study area Field Forest Planned Total
area area area
Middle Finland 147 53 19 219
Savo 62 39 5 106
Helsinki district 8 3 31 42
Vehmaa 6 5 0 11
Control area 0 0 12 12
Total 223 100 67 390
14
tion at each observation site is determined by the
form accounting for the largest area in the near
surroundings of the site.
The observation sites are located on the average
as follows: in fieid areas 57 %, in forest areas 26 %,
and in thickly settled areas characterized by smail
housing 17 %. Ali the observations from the
control area and 75 % of the observations from the
Helsinki district represent the category of densely
situated small houses. Of the forest area in the
Middie Finland and Savo regions, less than 10 %
consist of bogland. Bogland accounts for from 0
to 5 % of the forest area in the Helsinki and
Vehmaa districts.
3.23 Nature and thickness of the overburden
on the observation sites
The classification of the Quaternary overburden
on the observation sites has been carried out ac
cording to the criteria of the Finnish GEO classi
fication (Korhonen and Gardemeister 1971). By
soil type is meant specifically the nature of the
overburden on the immediate site of a weil and
not in the near surroundings of the observation
site (Table 9). If the overburden is less than 0.2 m
Table 9. Soil type on observation sites, by study areas.
Number of observations
Study area Till Silt Sand Bed- Peat Total
and rock
clay
Middle Finland 150 39 16 1 4 210
Savo 93 16 4 1 0 114
Helsinki district 13 14 0 13 0 40
Vehmaa 0 4 0 5 0 9
Control area 11 1 0 0 0 12
Totai 267 74 20 20 4 385
Table 10. Average thickness (m) of the overburden on
observation sites, by study areas: ii = arithmetic mean,
standard deviation, n number of observations.
Thickness of overburden
Study area s n
Middle Finland 4.2 3.9 215
Savo 4.7 5.8 87
Helsinki district 3.5 3.3 18
Vehmaa 0.6 0.7 10
Control area 3.7 1.9 9
Totai 4.4 4.4 339
thick, the observation is recorded in the category
of “bedrock”.
The sites of the wells in the Middle Finland and
Savo regions consist predominantly of glacial till,
whereas the wells in the Helsinki and Vehmaa
districts are located on sites consisting of silt and
rock. The average thickness of the overburden on
well sites is given in Table 10.
3.3 Bedrock
The Precambrian rock crust in Finland forms the
central part of the Fennoscandian (Baltic) shield,
whick is the broadest shield area on the European
continent.
The main lithological features of the Finnish
bedrock consist of plutonic and metamorphic rocks
of Archean and Proterozoic age, and oniy very
small younger occurrences have been preserved
(Fig. 3, Table 11).
The main structural units, the Archean, over
2 700 million years, and the Proterozoicum, about
2 000 million years of age, were metamorphosed
at different times, mainly in connection with the
Svecokarelian orogeny, about 1 800 miilion years
ago. The Archean rocks of eastern and northern
Finland are mainly gneisses and amphibolites; the
proterozoic rocks present a greater variety of
metamorphosed sedimentary, volcanic, and pluto
nic rocks.
3.31 Middle Finland
The main part of the bedrock of the area is made
up of granodiorites, quartz diorites, and granites
but there are some areas composed of gabbro and
mafic rocks of volcanic origin. The volcanic rem
nants are also abundant among the quartz diorites
and granodiorites. The rocks of undoubtedly
sedimentary origin, mica schist and mica gneiss,
occupy, e.g., the area to the southeast from Virrat
(Marmo 1965), but usuaily they are scarce (Marmo
1963).
The fracture zones which are characteristic of
the Middle Finland region have maximal trends of
SE-NW and N-S. In the south western part of this
area, the most conspicuous fracture zones and
faults trend NNW-SSE (Marmo 1963, 1965).
The chemical compositions of some rocks in the
region of Middle Finland are presented in Table 12.
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Fig. 3. Lithological rnap of the Precambrian in Finland. 1, orthogneiss; 2, granulite; 3, quatrzfeldspar schist; 4,
mica gneiss and migmatite; 5, phyllite and mica schist; 6, quartzite; 7, metabasait and amphibolite; 8, gabbro,
anorthosite and ultramafic rocks; 9, granodiorite and quartz diorite; 10, granite; 11, rapakivi granite; 12, nonmeta
morphic sedimentary rocks; 13, diabase; 14, Caledonidic schists (Simonen 1980).
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Table 11. The main structural units and rocks of the Precambrian in the study areas (after Simonen 1980).
Areas investigated
Middle Finland
Savo
Helsinki district
Vehmaa
Control area
Main structural units
SVECOKARELIDIG: orogenic
plutonic tocks, Svecofennidic
schist belt
SVEC0KARELIDIC: Karelidic
schist belt, Svecofennidic
schist belt, orogenic plutonic
rocks
PKESVECOKARELIDIC:
orthogneiss
SVEC0KARELIDIC: orogenic
plutonic rocks, Sveco
fennidic schist belt
POSTSVECOKARELIAN: rapakivi
granite
SVEC0KARELIDIC: orogenic
plutonic rocks
Main rock types
granite, granodiorite, quartz diorite,
gabbro, amphibohte, hornblende gneiss,
mica gneiss, and migmatite
mica gneiss, migmatire, mica schist,
gabbro, amphibolite, hornblende gneiss,
quartzite, granite, granodiorite, quarrz
diorite
orthogneiss, amphibolire
granite, granodiorite, quartz diorite,
quartz-feldspar schist, mica schist,
gabbro, amfibolite, migmatites.
rapakivi granite
granite, granodiorite
Table 12. Chemical composition (%) of some rocks in
the Middle Finland region (after Marmo 1963, 1965).
1 2 3 4 5 6
Si02 77.71 69.03 58.17 49.17 45.80 66.42
Ti02 0.07 0.40 0.98 1.16 1.00 0.54
A1203 12.40 15.33 16.30 15.58 18.10 16.67
Fe 03 0.53 1.12 1.64 2.21 2.70 1.59
Feb 0.42 1.88 6.20 7.90 8.46 1.77
MnO 0.02 0.05 0.15 0.20 0.18 0.07
MgO 0.05 1.11 2.80 9.36 7.22 0.68
CaO 0.56 3.40 7.00 8.68 9.82 3.14
Na 0 3.15 3.48 3.05 2.35 2.25 3.62
K26 4.90 3.30 2.00 1.09 1.01 4.00
P205 0.01 0.11 0.20 0.58 0.26 0.13
Cl 0.00 0.00 0.00 — 0.38 0.00
H23+ 0.28 0.49 1.15 1.18 2.50 0.94
H30— 0.06 0.08 0.18 0.14 0.17 0.06
F 0.02
—
—
—
—
—
1. Aplite (granite) from Keuruu
2. Granodiorite from Peräseinäjoki
3. Quartz diorite from Pihlajavesi
4. Gabbro from Keuruu
5. Amphibolite from Keuruu
6. Quarrz-feldspar-biorite gneiss (leptite) from Virrat.
3.32 Savo
The main rock types in the Karelidic schist beit
occur in the following proportions (Simonen 1980):
— micaceous schists 45.2 %
— quartz-feldspar schists 2.8 %
— quartzites 26.4 %
— limestones
— metabasalts and amphibolites
The northern part of the Savo region consists
of Presvecokarelian igneous rocks: orthogneisses
and carbonatites (Puustinen 1971, Simonen 1980).
The bedrock in Finland is cut by a zone rich in
ores and fractures ovet 100 km in width that
crosses the country from Lake Ladoga to the Gulf
of Bothnia (Penttilä 1963, Mikkola and Nimi 1968,
Marttila 1976). A considerable part of the Savo
area belongs to this zone.
The chemical composition of some rocks in the
Savo region are presented in Table 13.
3.33 Helsinki district
The abundance of the different
types in the Svecofennidic areas is
monen 1960):
— ultramafic rocks and gabbro 5.9 %
— quartz diorite and granodiorite 56.6 %
— granite 37.6 %
But around Helsinki most of the rocks are granite
and microcline granite (Fig. 4, Table 14).
The abundance of the main rock types in the
Svecofennidic schist belt is as follows (Simonen
1980):
— micaceous schists and gneisses
— quartz-feldspar schists
— quartzites
— limestones
— metabasalts and amphibolites
79.9 %
6.5 %
0.3 %
0.3 %
13.0 %
100.0 %
plutonic rock
as follows (Si
0.3 %
25.3 %
100.0 %
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Fig. 4. Mineraiogical composition of the plutonic
rock provinces. 1, granodiorite province; IV, granite
province; V microcline granites. 1. quartz; 2. microcli
ne; 3. plagioclase; 4. biotite; 5. hornblende; 6. pyro
xene; 7. olivine; 8. accessories (after Simonen 1980).
Table 13. Chemical composition (%) of some rocks in
1 2 3 4
Si02 64.58 69.59 75.48 67.35
Ti02 0.43 0.37 0.07 0.47
A1203 18.43 15.61 13.24 16.72
Fe203 0.84 0.40 0.04 0.45
FeO 2.02 2.16 1.19 2.35
MnO 0.06 0.02 0.01 0.04
MgO 1.53 1.19 0.10 1.11
CaO 3.88 3.41 1.25 3.08
Na 0 5.08 4.93 4.07 5.10
K2 2.22 1.32 3.61 1.95
P 05 0.10 0.15 0.13 0.13
20+ 0.63 0.58 0.68
H0— none 0.75 0.09 0.22
Table 14. Chemical composition (%) of rocks in the
Helsinki district (Härme 1978).
1 2 3 4 5
Si02 53.22 74.00 71.21 70.98 75.82
Ti02 1.56 0.09 0.13 0.35 0.27
Al203 15.99 14.09 15.16 12.90 11.36
Fe 03 1.46 0.36 0.16 1.01 0.27
Feb 9.31 0.82 0.43 3.46 2.17
MnO 0.17 0.01 0.01 0.05 0.04
MgO 4.37 0.17 0.37 0.22 0.69
GaO 7.75 0.64 0.59 1.26 1.23
Na 0 4.22 2.71 1.87 2.37 3.85
K26 0.88 6.44 9.05 6.33 3.60
P205 0.57 0.06 0.04 0.08 0.05
Cl 0.12 0.05 0.09 0.00 —
H23 0.49 0.40 0.42 0.95 041H20 0.09 0.02 0.07 0.04
The bedding of the quartz-feldspar schists and
gneisses is usually indistinct and reveaied Iocally
only by calcareous intercalations. There occur
localiy some thin quartzitic intercalations as well.
3.34 Vehmaa
The rapakivi plutons of southern Finland cut
sharply across ali the structures of the meta
morphic and migmatic rock formations (Simonen
1980). The massif of Vehmaa, however, is not
commonly seen to have sharp contacts (Kanerva
1928). The rapakivi granites are generaily coarse
grained, homogeneous rocks, the porphyritic varie
ties of which contain large ovoids of orthoclase
surrounded by plagioclase mantles and are called
viborgite. The Vehmaa massif consists of an even
grained type of rapakivi.
The main salic minerais in all the rapakivi varie
ties are potassium feldspar (orthociase), plagioclase
(oligociase), and quartz. Hornblende and biotite
are the most common femic minerais contained in
the rapakivi rocks. Fluorite, zircon, and apatite are
characteristic accessory minerals.
Also contained in the Vehmaa massif are differ
ent varieties of rapakivi. Some of them have large
percentages of iron oxides (Eskola 1928), and some
are tin-bearing (Haapala 1977).
The rapakivi of the Vehmaa district exhibits
three distinct fissure directions, as is generally true
of granite. The nearly horizontal fissure trend,
which dips gently toward the southeast, creates
terraces on the rock slopes. Judging by the fact that
one of the vertical fissure trends or fracture direc
tions runs parallel to the direction of flow of the
continental ice sheet (NW-SE), the ice wore part
of such fractures into valleys, leaving the part in
between to compose ridges of rock trending NW
SE (Kanerva 1928).
The chemical compositions of the rapakivi gra
nite and the plagioclase-cordierite gneiss are re
ported in Table 15.
3.35 Topmost bedrock on the well sites
By the variety of rock occurring at any given ob
servation site is meant the portion of the bedrock
composing its surface at the site of the well. But
since there are close on 29 different varieties of
rock included in the present study, the rocks have
been divided into different groups to make easier
- Si02%
the Savo region.
1. Granite gneiss, Kuopio (Lokka 1950)
2. Granite gneiss, Iisalmi, anal. Lokka (Wilkman 1931)
3. Light-grey aplitic granite, Leppävirta (Lokka 1950)
4. Pyroxene granodiorite, Kiuruvesi (Marttila 1976).
1. Gabbro, anal. Ojanperä
2. Granite, anal. Heikkinen
3. Microcline granite, anal. Heikkinen
4. Even-grained Bodom granite, anal. 0jnperä
5. Quartz-feldspar gneiss, anal. Ojanperä.
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Table 15. Chemical composition of some rocks in the
area of Vehmaa.
1 2 3 4
Si02 74.14 74.00 68.03 70.90
Til 0.28 tr. 0.65 0.28
A123 12.51 14.65 13.78 14.19
Fe 03 0.58 none 1.60 1.20
Feb 2.02 0.50 4.90 2.45
MnO 0.03 0.01 0.04 0.01
MgO 0.09 0.06 0.28 1.40
GaO 1.09 0.76 2.49 0.96
Na 0 2.67 3.53 2.86 3.25
K2 5.80 6.53 4.95 3.62
P205 0.24 tr. 0.34 none
F 0.18 0.27
20 0.62 0.36 0.83 1.25
H20 0.07 0.04 0.25 0.67
1. Rapakivi granite, Vehmaa (Kanerva 1928)
2. Rapakivi granite, Kalanti (Lokka 1950)
3. Boundary variety of rapakivi granite, Kustavi (Kanerva
1928)
4. Plagioclase-cordierite gneiss, Kalanti (Lokka 1950).
processing of the results (Table 16).
The commonest rocks inciuded in the material
are granite, mica gneiss, and granodiorite. The
granite and the granodiorite belong to the category
of felsic plutonic rocks, from which the rapakivi
has been separated on account of its singular geo
logic nature. The mica gneiss belongs to the group
of silicic schists. In the group of mafic rocks, the
piutonic rocks and the metamorphic rocks have
not been differentiated owing to the sparsity of
observations. Amphibolite is the commonest rock
in the category of mafic rocks (Table 16). The
quartzites and limestones are not comparable to
the rest of the material because only four observa
tions concerning them are avaiiable, ali told. Both
rocks are located in the Savo region: the quartzite
at Nilsiä (Murtolahti) and Pielavesi (Saarela), the
dolomite at Kuopio (Hiltulanlahti) and Vehmer
salmi (Puutosmäki) (Wilkman 1938).
The observations are proportionally divided
among the foregoing categories as follows:
— felsic plutonic rocks 53 %
— siiicic schists 33 %
— mafic rocks 9 %
— rapakivi granite 2 %
— quartzite and limestone 1 %
Tabie 16. Rocks at the observation sites and their classification.
Number of observations from study areas
Group of Rocks Middle Savo Helsinki Vehmaa Control Total
rocks Finland district area
Felsic plutonic granite 64 10 24 10 108
rocks granodiorite 39 9 7 2 57
quartz diorite 6 8 1 15
porphyritic granite 37 2 39
Total 146 29 32 12 219
Silicic mica gneiss 13 39 4 4 60
schists vein gneiss 11 16 3 30
granite gneiss 14 15 29
gneiss 4 1 2 7
mica schist 6 2 8
Total 48 73 9 4 134
Mafic rocks amfibolite 11 1 12
gabbro 4 5 9
hornblende gneiss 7 2 9
amfibole gneiss 2 2
diorite 3 1 4
Total 25 10 1 36
Rapakivi rapakivi 7 7
granite
Quartzite quartzite 2 2
Limestone dolomite 2 2
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3.4 Ground water 1tt the bedrock
The occurrence and flow of water in the rock mass
are affected by the topography, the infiltration
through the soil strata, and the number and size of
the fissures, joints, or any cracks in the bedrock as
well as the nature of the joint infilling. In different
parts of a fracture zone, great differences have been
observed in the material filling joints (Nimi 1968).
Joints with infilling occur most frequently in the
bedrock zones least resistant to erosion, or the
oldest fracture zones (Nimi 1968, Härme 1978).
Since large fracture zones have displacement planes,
running in different directions and intersecting
each other (Härme 1978), their significance in the
occurrence of ground water in bedrock, considered
as a whole, is greater than that of the nearly ran
domly occurring material filling joints.
Observations concerning the water conductivity
or permeability properties of Precambrian crystal
line bedrock have been made in connection with
tunneling operations. In the case of bedrock of
mainly homogeneous quality, drilled wells at a
distance of no more than 100 meters from a tunnel
have often been observed to have been affected
(Morfeld 1972) — and the distance has been esti
mated not to exceed 1 km (Olsson 1979). In tecto
nic zones, the effect extends over distances of as
long as 1.5—10 km from the tunnel (Brown et al.
1977, Olsson 1979, p. 58). The number of joints
per unit of volume begins to decrease at depths of
more than 100 m in bedrock, except in the case of
fracture zones (Wenner 1951, Larsson et äl. 1977,
Tröften 1973, Carlsson and Olsson 1977b, p. 82,
Carlsson 1979, p. 70). According to Natukka
(1955) and Nimi (1976), the general superiority of
felsic plutonic rock massifs in Finland as ground
water reservoirs has been able to be proved in
comparison with schist sequences and mafic pluto
nic rocks. Contradictory research results have been
arrived at, too; as, for instance, Bryn (1961) has
found the water yield of gneiss bedrock to be better
in comparison with granite bedrock on the basis
of observations made on 1000 wells in the Oslo
area. Carlsson and Olsson (1979b, p. 83) have, for
their part, observed the permeability of paragneiss
to be superior to that of granite in South
Sweden.
The following permeability values have been
registered in Sweden for the two principal varieties
of rock (Carlsson and Carlstedt 1977):
Granite: 0.4... 10 i0’ m/s, 74 determinations
Gneiss: 1.9...11 10’ m/s, 120 determinations.
Marine (1981) has performed permeability
measurements in chlorite-hornblende schists and
hornblende gneisses in South Carolina. With in
situ packer tests, pumping tests, and tracer tests
supplemented by laboratory measurements, the
permeability value he arrived at for a rock mass
composed of the foregoing rocks was 2,5
m/s.
The permeability value ohtained at Rautuvaara
for a bedrock fracture with tracer tests was l0
m/s (Autio 1978).
The wide range of variation in the permeability
coefficient reveals bedrock structure to be variable
with respect to permeability to water. The same
variation is also reflected by the fQrmation of
ground water in bedrock.
Since the bedrock is for the most part overlain
by deposits of various kinds, the thickness, grain
size, density, and porosity of the overburden are
factors of significance in the formation of ground
water in bedrock (Olsson 1979, pp. 47—51).
In the case of a bare rock surface, the infiltration
of water depends on the inclination of the surface
of the bedrock as well as the openness and number
of joints. Infiltration has been observed to be
greater on a level than sloping rock surface (Mus
tonen 1963, Davis and DeWiest 1966, p. 327,
Gustafsson 1968, Bergman 1972, Nimi 1977, Olsson
1979). Autio (1978) has observed in Rautuvaara
that infiltration from the slopes of steep hills into
the soil and the bedrock is slighter than the in
filtration that takes place in level terrain.
4. RESULTS
4.1 Average fracture frequency in the
regions studied
The effective utilization of ground water in bed
rock calls for the localization of the faults and any
fracture zones in the bedrock and the estimation
of their volume. With this in view, the number of
fracture lines in the immediate surroundings (area:
c. 3.5 km2) of each observation site has been
koned (Table 2) in the present study. So that the
effect of the actual volume of each real fracture
zone could be taken better into account in inter
preting the fracture lines, the numerical value of
the fracturing has been rectified according to the
width of each interpreted fracture zone as follows:
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Width of fracture line Corresponlipg nuiperical
value ot tracturing(m) (No.)
<100 1
100—190 2
200—290 3
300—400 4
>400 5
In other words, if, for instance, the immediate
vicinity (area interpreted) of an observation site is
cut by two fracture lines over 400 m broad, the
numerical value of the local fracturing would be
10, meaning a moderate number of fractures
(Table 17).
On the basis of the fracturing interpretation of
the near surroundings of every observation site, c.
25 % of ali the observations fail into the most
fractured category (numerical value more than 10
fractures). Sixty per cent of the observations made
in the district of Vehmaa fall into the most frac
tured category, the corresponding figure for the
Helsinki district being 30 %. The average density
of bedrock fracture lines is lower in the Middle
Finland and Savo regions than in the Helsinki and
Vehmaa districts (Table 17).
A second variable taken to represent fracturing
of the bedrock is the distance of the observation
site from the nearest fracture line (Table 18).
Taking the study material as a whole, the average
distance of the wells from the nearest fracture line
is c. 200 m, although, according to the same inter
pretation, 35 % of them are located in the fracture
line itself. Both the average distance of the wells to
the nearest fracture line and the number of wells
located in a fracture line indicate that the bedrock
is on the average more fractured in the Savo than
the Middle Finland region (Table 18). The same
conclusion is also indicated by the interpretation
based on the numerical value of fracturing (Table
17). The degree of fracturing of the bedrock is on
the average highest in the Vehmaa and Helsinki
districts, but the results obtained are not compa
rable to those arrived at in Middle Finland and
Savo on account of the sparsity of the observa
tions.
4.2 Powder sampies from drilled wells
4.21 Rocks and their chemical composition
The variety of rock in any given instance could be
identified from powder samples so reliably that in
only 14 % of the determinations was there an
error in comparison with the X-ray determinations;
and in these cases the sample was so fine that it was
not possible to differentiate the mineral grains. On
the basis of 100 powder samples, the proportions
registered for the main rocks were as follows:
— granite and porphyry granite 38 %
— mica gneiss 33 %
— granodiorite 15%.
Present in addition were pegmatite, quartz
diorite, mica schist, amphibolite, and hornblende
gneiss.
According to X-ray analyses, the minerais have
scarcely undergone any change. Secondary minerals,
calcite, zeolites, and clay minerais do not occur. In
about 5 % of the samples, slight amounts of chlo
rite and sericite could be detected. Chlorite could
be observed on the faces of a few of the large
grains even with the naked eye. The sparsity of
secondary minerals indicates that the terms frac
ture line or zone as used in the present study
Table 18. Average distance (m) of drilled wells to the
edge of the nearest fracture line and the number of wells
located on the fracture line itself, by study areas. Ii =
arithmetic mean, s standard deviation, n number of
observations.
Study area Average distance Percentage of
to fracture line wells located
on fracture
line
s n
Middle Finland 236 304 219 29
Savo 190 273 105 45
Helsinki district 73 134 42 50
Vehmaa 52 66 11 36
Control area 75 40 12 8
Total 196 280 389 35
Table 17. Numerical value of fracturing, by study areas (reckoned from the near surroundings of the observation sites).
Number of observations in study areas
Numerical value of Middle Savo Helsinki Vehmaa Control Total
fracturing (No13.5 km2) Finland district
High (> 10) 45 28 12 7 0 92
Moderate (5—10) 110 54 25 4 12 205
Low (< 5) 55 22 3 0 0 80
Total 210 104 40 11 12 377
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also refers to any ruptured zone in which no
weathering minerais occur. According to the frac
turing ciassification, 57 % of the sampies of pulver
ized rock were taken from wells located in such a
rupture. On the other hand, the sampling depth
was at the bottom of each well and therefore not
necessarily on the most fractured piane. It is also
conceivable that the flushing water might have
washed the grains clean of weathering minerais
and, in addition, sorted the powder material as a
whole.
The determinations of the chemical composition
of the pulverized rock sampies are in agreement
wi.th the previous analyses made of corresponding
rocks (e.g. Lokka 1950, Marmo 1963, 1965).
When the chemical and mineraiogical composi
tions of the rocks are compared with the chemi
cal composition of the ground water contained in
them, the calcium contents can be observed to
correlate well (Fig. 5). Furthermore, the observa
tion has previously been made with respect to the
present research material that the enveloping bed
rock affects the pH value and total hardness of
the water contained in it as well as to a slight
extent the contents of sodium and silica (Rönkä
et al. 1980).
In addition to the oxides mentioned in Tabie
19, aiso the elements iisted beiow were determined
from five powder sampies (5 = arithmetic mean,
s = standard deviation).
iE 5
S (%) 0.017 0.031
Cu (ppm) 86 104
Zn (ppm) 132 154•
Cd (ppm) 0.8 0.6
Pb (ppm) 20 4
According to the standard deviation, the relative
differences between the Cu and Zn concentrations
in different sampies are large. No interdependence,
however, couid be observed between these concen
trations and the corresponding concentrations in
water sampies, although the concentrations are
appreciabiy higher than the Cu concentrations
obtained by, for example, Salminen (1980) from
corresponding rocks.
4.22 Particie size of pulverized rock sampies
Under visual examination, powder samples reveal,
in addition to the shapes of the different mineral
grains and the color of the powder, the size of the
mineral grains. In the present study, the sampies
were grouped on the basis of the particle size of
the powder into four different classes, the propor
tional division being as foilows:
1. very coarse (0 > 5 mm)
2. coarse (0 2—5 mm)
3. fine (0 0.5—2 mm)
4. very fine (0 <0.5 mm)
_______
The particle-size screening done to control the
visual determination showed the amount of fine
particles to increase in the powder when the classi
fication goes in the finer direction, which, again,
demonstrated the sufficient reliability of the visual
determination (Fig. 6).
Grouped according to the variety of rock, the
particle size of the powder shows that altogether
73 % of the observations relating to granitic rocks,
50 % of the ones reiating to gneisses and schists,
and 45 % of the ones relating to granodiorites
and quartz diorites fali into the categories “very
coarse” and “coarse”. Ali the determinations in the
category of mafic rocks fail under the headings of
“fine” and “very fine” (Fig. 7).
The particle size of the puiverized rock has a
distinct correlation to the yieid of a weil (Fig. 8),
in particular, for the coarser the powder, the great
the depth of a weil and the particie size of the
pulverized rock is manifested by the fact that the
coarser the powder, the shallower the well
(Fig. 9).
4.3 Depth of drilled wells
According to the present research material, the
average depth of wells drilled into bedrock is
59.9 m.
19%
35 %
28 %
18%
100 %
y= 1.97+0.15x 0
Wt.% 0 = 0524
n=28 0
00 0000 00 0
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Co (water sampi.)
Fig. 5. Correlation between the calcium content
of water sampies and the calcium oxide content of the
corresponding rock powder sampies (Rönkä et al.
1980).
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Table 19. Average chemical composition of the different rocks as determined from the powder sampies from drilled
wells. M arithmetic mean, D standard deviation (Rönkä et al. 1980).
Rock Number of •Oxides (% wt.)
determi- A1203 Fe203 FeO CaO MgO
nations M D M D M D M D M D
Granodiorite 7 17.79 1.53 3.23 1.52 1.99 1.89 4.07 2.03 1.15 0.73
Qaurtz djorjte 2 19.30 0.42 3.76 0.89 2.78 0.51 6.46 0.57 2.81 0.06
Granite 6 15.77 1.61 2.38 1.34 0.20 0.17 2.34 1.82 0.90 0.86
Mica gneiss 7 16.60 3.41 3.38 2.11 1.70 1.32 3.08 1.89 1.58 1.27
Mica schist 2 17.85 1.49 2.43 0.50 4.67 0.38 2.48 0.88 2.66 1.21
Amphibolite 4 16.93 2.72 4.83 1.59 4.98 0.88 10.17 2.80 5.60 2.19
Rock Number of Oxides (% wt.)
determi- Na2Q K20 Ti02 MnO Si02
nations M D M D M D M D M D
Granodiorite 7 3.13 0.22 5.02 1.36 0.61 0.21 0.08 0.04 63.14 2.67
Quartz diorite 2 3.66 0.32 2.74 0.62 0.78 0.06 0.11 0.01 58.50 2.12
Granite 6 3.27 0.80 4.53 2.45 0.38 0.22 0.04 0.02 70.50 2.88
Mica gneiss 7 2.90 1.52 3.64 1.84 0.49 0.13 0.05 0.03 65.00 2.71
Mica schist 2 3.20 0.00 4.54 1.68 0.75 0.07 0.10 0.01 61.50 3.54
Amphibolite 4 2.97 0.64 1.91 1.15 0.92 0.23 0.19 0.02 51.25 4.27
No Numberof somple
1 182 051.
2 936 019
3 562 006
1. 410 002
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—c’ mm n
Q
Q
CLAY SILT SAND GRAVEL
rj 2 68 30h 6 63 31 Wt%
1 9 58 32
E 2 15 72 11
PorticLe size closs
Very coorse
Coarse
Fine
Very fine
Fig. 6. Control screening of rock powder sampies of which the particle size composition had been determined
visually (sampies picked at random from different particle size classes).
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Granite, Mica gneiss, Granadiorite, Gabbro, Amphibolite
pegmotite mina sehiot, quartz diorite homblende
granite gneiso
gneiss
Table 20. Average depth (m) of drilled wells, by study
areas. = arithmetic mean, s = standard deviation,
n = number of observations.
Average depth of drilled wella
Study area s n
Middle Finland 67.4 24.4 217
Savo 50.9 24.8 94
Helsinki district 54.3 22.0 50
Vehmaa 40.7 14.0 11
Control area 53.0 20.2 13
Total 59.9 24.3 385
Fig. 7. Division by rock grnups of rock powder
samples into different partiele size elasses.
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m
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Fig. 9. Re)ationship between partiele size of rock
powder and the depth of a well.
In the Middle Finland region, the average depth
of the drilled wells is roughly 15 m greater than
in the other regions investigated (Table 20). In the
4strict of Vehmaa, the average depth of the wells
is only 40.7 m because it has been feared that sea
water is liable to seep into a weIl if it is drilled too
deep below the sea level. For another thing, one
runs the risk in the coastal region of getting fossil
sea water if a well is drilled too deep.
The depth of wells depends on the amount of
water needed — in other words, drilling is halted
when a sufficient supply of water appears to have
been secured. Not enough attention has been paid
to the level of the ground-water table during
m3M
40 —
30
—
. Median
Very coarse Coarse Fine Very fine
19 36 29 18
Number of determinations
F’ig. 8. Relationship between partiele size of pul
verized rock and yield of a well.
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drilling. Wells have often been drilled too deep in
an endeavor to ensure an adequate supply of water;
this could have been avoided by carefully cheeking
the inflow of ground water and by observing how
rapidly the ground-water table gains its natural
level after it has been first lowered.
Although the criteria for deterrnining the
depth of drilled wells are nor always exaer, the
average depth of the wells has a eorrelation ro
the geological faetors attending the site of eaeh
weIl. There exists no pereeivable mutual dif
ferenee between the average depths of wells
loeated on high ground and on a fiat stretch
of ground. This is due to the faet that wells
driiled on high ground have struck a fraeture
on the average more frequently than wells
drilled on a flaet stretch of ground. Wells driled
on eminenees and plains are, however, roughly
30 % deeper than wells drilled in depressions. If
there are few fraeture zones in the near surround
ings of wells, rhese wells are on the average 39 %
deeper than the ones drilled in areas with many
fraeture zones. Similarly, if a ve11 has not struek
a fraeture zone, it is on the average 34 % deeper
than one drilled into a fraeture zone (Table 21).
Table 21. Mean values for the total depths (m) of drilled
wells, elassified according to geologieal factors. ii =
arirhmetie mean, s standard deviation, n = number of
observations.
Geologie factor Total depth of wells
Property Category 31 s n
Topographie eminence 60.5 24.7 59
faetor piain 62.2 25.0 281
depression 46.9 25.6 23
Numerieal high 53.1 24.1 86
value of moderate 59.4 23.5 198
fraeturing Iow 73.9 25.9 78
Distanee from 0 m 50.2 20.3 128
closest fraeture > 0 m 67.1 25.5 233
zone to well
4.4 »Yield» of drilled wells
The term “yieid” as used in the present study
refers to a yield of ground water of short duration,
for test pumping equipment and methods are not
mutually comparable. The average duration of a
test purnping has been 24 hours. In general, the
“yield” of a well has been eonstrued to be the
amount of water that eould he pumped after a
pumping period of 24 hours regardless of whether
%
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-
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YieLd cotegory
Fig. 10. The division into different yield categories
of the average yields of wels drilled into hedroek
aeeording to different bodies of researeh marerial.
the ground-water table has sunk in the surround
ings of the weli as a resuit of the pumping.
The so-eailed “Kailioniemi material” (Fig. 10)
has been separated from the main body of the
researeh material to form a control group. The
Kallioniemi group eonsists of ali the wells drilled
by a single drilling firm during a given period using
the same equipment and the same methods. The
duration of the test pumping has always been 24
hours, and it has been done with the sarne test
pumping equipment, the maximum eapaeity of
whieh is 160 m3Id. Whenever the yield of the well
has exceeded the eapacity of the pump, the yield
has been recorded in the proeessing of the resuits
as the maximum eapacity of the pump, or 160
m3/d. Serving as another body of eontrol material
are the resuits of Laakso’s (1966) study beeause the
welis dealt with in it were ali drilled by the same
eontraetor.
Fig. 10 presents the division into six yield eate
gories of yieid estimates taken from different
bodies of data. Aceording to ali the observations
ineluded in the present study, the division is practi
caily the same as in more homogeneous control
material (the Kaliioniemi material). The greatest
mutual deviation oeeurs in the eategory of the
iowest yield, and it amounts to. only 2 %. The
division of the other eontrol material (Laakso
1966), on the other hand, deviates significantly
from the division of yieid estimates of the present
study. Of the observations in Laakso’s study, 57 95
exceed a yieid of 24 m3/d, whereas the correspond
ing figure obtained in the present study is only
31 95. No geologieai basis ean he found for the
Eiii
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higher average yield reported by Laakso (1966)
in comparison with the resuit arrived at in this
study, for the well sites were selected according
to the same principles in both cases. The conclu
sion to be drawn from this is that the yield
estimates for drilled wells were higher on the
average in the 1950s and 1960s than they are at
present. On the other hand, the test pumping
results in Kallioniemi’s material are more reliable
than Laakso’s if for no other reason than that the
pumping equipment has been technically improved
during the years.
Classified with regard to depth, the best yields
on the average are given by wells with depths on
the order of 41—50 m. In the categories on both
sides of the category mentioned, the yields are
approximately the same, it is true, but in the depth
class of 61—70 m, the yield is aiready 5.5 m3Id
smaller than in the preceding class (5 1—60 m) (Fig.
11). There is a weak negative correlation (R =
—0.21) between the depth and the yield of drilled
wells — which indicates a trend, even though it has
no statistical significance at the 5 % risk level.
In Kallioniemi’s material, the number of un
successful wells also calls attention to itself — that
is, wells that have yielded no or very little water.
The number of observations totais 408, of which
12 (2.9 %) have been drilled into quite solid bed
rock. In addition, there are six wells (1.5 %) the
yield of which does not exceed 0.5 rn3/d. According
to report, some of the dry wells have been drilled
in response to the owners’ demand in spite of the
driller’s warning that the chances of striking water
were slight.
There are differences in yields by study areas;
but the average yield figures arrived at for the two
Fig. 11. Average yields of drilled wells classified
according to depth. m = depth class, = arithmetic
mean of depth class, s = standard deviation, n = num
ber of observations.
regions with the largest numbers of observations
(Middle Finland and Savo) are on the same order
of magnitude, which is also close to the arithmetic
mean based on the yields for the research material
as a whole (Table 22).
The differences between the average yields of
the wells .are small also when taken by groups of
rocks. However, in the area of mafic varieties of
rock, the yield of drilled wells appears to be smaller
than in the areas of plutonic rocks and silicic schists
(Table 23).
The loose deposits covering the bedrock affects
the ground-water yield of the rock according to the
infiitration and storage properties of these deposits.
The specific yield of the bedrock increases with the
thickness of the overburden in such a way that if
the thickness of the overlying deposits exceeds
10 m, the specific water yield of the bedrock
amounts to 0.57 m3/d m, and if the thickness
of the overburden is less than 10 m, the specific
yield is 0.49 m3/d m (Table 24).
The average amount of water extracted from
drilled wells is 1.41 m3/d (s = 4.22, n = 252). The
estimates of water consumption were checked in
detail by interviewing consumers, with the resuit
that the average consumption per well came to
1.35 m3/d (121 interviews).
Table 22. Average yield (m3/d) of drilled wells, by study
areas. = arithmetic mean, s = standard deviation,
n number of observations.
Average yield
Study area s n
Middle Finland 28.7 35.8 215
Savo 27.4 37.5 105
Helsinki district 39.0 46.1 28
Vehmaa 22.6 29.3 10
Control area 11.7 0.7 10
Total 28.5 36.6 368
Table 23. Average yield (m3/d) of drilled wells classified
according to the variety of rock represented by the
bedrock surface on the observation site. The grouping
of the rocks is presented in Table 16. arithmetic
mean, s = standard deviation, n = number of observa
tions.
Average yield
Group of rocks s n
Felsic plutonic rocks 27.9 35.2 195
Silicic schists 28.9 38.9 124
Mafic rocks 26.9 37.3 33
Rapakivi 31.3 31.6 7
m 40 41—50
30.4 46.3
s 7.7 2.7
n 93 61
51-60 61—70
55.4 65.8
2.8 2.6
66 41
71—80 81—100 >100
75.2 90.8 110.1
3.1 6.1. 7.2
35 61 28
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Thickness of over- Thickness of over
burden> 10 m burden < 10 m
5t s n 5t s n
Thickness of
overburden (m) 15.8 8.8 22 4.1 4.4 369
Borehole in
bedrock (m) 51.3 29.7 22 56.9 25.4 369
Total depth
of weIl (m) 67.2 27.6 22 61.0 25.4 369
Yield (m3/d) 29.2 38.5 22 27.9 34.8 369
4.5 Chemical comp9sition of ground
water in bedrock
Summary reports on parts of the data on the qual
ity of water dealt with in the present study have
been published previously (Rönkä and Turtiainen
1980, Rönkä and Uusinoka 1980, Rönkä et al.
1980). The material has been dealt with in the
present report by both study areas and rock
groups. The formation of the rock groups is de
scribed in Section 3.35. The resuits of the analyses
of ground water contained in bedrock are compiled
in Appendices 1 and 2.
The coefficients of correlation between the
variabies representing the quaLity of water are set
forth on the risk leveis of 0.1 % (***, T-value
> 10.9), 1 % (‘», T-value > 6.8), and 5 % (‘,
T-value > 3.8).
The correlation between the variabies is repre
sented by means of either a regression line or
regression equation. The number of observations
is 400; in case the number is smaller, mention is
made of the fact separately each time.
Furthermore, the quality of water is classified in
relation to variabies according to maximum con
centrations laid down for the control of the heaith
ful condition of household water (Lääkintöhallitus!
National Board of Health 1980).
4.51 pH
The average pH value for ground water contained
in bedrock based on the research material as a
whole is 6.8, with the maximum at 9.0 and the
minimum at 5.3. The regional differences are small,
for only in the Helsinki district is the pH higher
than the average, or 7.0. The district of Vehmaa
deviates from the other areas in that only 11
observations have been made and the ground level
is so iow that ali the wells, with only a singie
exception, extend down below sea level. Moreover,
the observations inciude no more than two types
of rock, rapakivi and aimandite gneiss (Tabie 25).
The average pH of the ground water contained
in bedrock in the mafic rocks area is 7.0, and in the
rapakivi area 6.3. In the areas comprising felsic
piutonic rocks and silicic schists, there exists no
difference, the pH being 6.8 (Appendix 2).
The observations are divided with respect to the
different pH ieveis as foiiows:
pH
7.1—9.0 good
6.1—7.0 fair
<6.0 poor
The foiiowing correlations have been found
between the pH (YpH) and the variables presented
below:
Regression equation R T-value
YpH
= O.4XF + 6.6 0.42’» 9.1
YpH = XNa + 6.7 0.34 7.1
YpH = xNo3 + 7.0 0.39** —8.6
where xF is fiuoride concentration (mg!i)
XNa is sodium concentration (mg!l)
xNo3 is nitrate concentration (mgIl N)
4.52 Specific conductance
According to the present study, the mean value of
the electrical conductance of the ground water
contained in bedrock is 28.0 mS!m, max. 38.5, min.
3.6.
The conductance value of the ground water in
the district of Vehmaa (84 mS/m) is nearly three
times the average for the research material as a
whoie. This is due to the occurrence in places of
higher than average concentrations in the ground
water of chloride, sodium, calcium, magnesium, and
sulphate (Table 25). The actual seepage of sea
water into the wells is not, however, involved,
for at present the chioride and sodium concentra
tions in the Baitic Sea exceed fivefoid the maximum
concentrations measured in the ground water
contained in bedrock in the Vehmaa area (Pietikäi
nen et al. 1978, p. 70, Voipio 1981, p. 186). The
high concentrations are to be attributed to the
fossil ground water that has become mixed in the
water analyzed owing to increased utilization of
Table 24. Average depths and yields of drilled wells,
classified according to the thickness of the overburden on
the observation sites. = arithmetic mean, s = standard
deviation, n = number of observations.
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Table 25. Results of the analysis of ground water contained in bedrock at observation points in the Vehmaa district.
1) Rapakivi, 2) Almandite schist gneiss.
Obs. No. Elevation Depth of Distance Cl F Fe Mn
(m a.s.l.) well to seashore mg/1 mg/1 mg/l mg/l
(m) (m)
918001 15 31 > 1000 5.5 3.8 3.40 0.19
833003 2 51 20 66.0 1.6 0.90 0.61
833004 5 51 100 285.0 2.1 0.69 0.19
304001 5 48 70 14.0 1.2 5.00 0.39
304002 22 16 900 64.0 2.5 1.30 0.55
304006 7 18 > 1000 35.0 1.3 5.30 0.44
3Q4QQ71) 5 29 100 15.0 1.6 8.10 0.70
3Q4Ql) 7 25 > 1000 15.0 1.1 4.00 0.45
2090042) 12 37 350 100.0 0,5 — 0.09
8950012) 5 62 > 1000 20.0 0.3 5.20 0.04
8950022) 3 45 50 140.0 0.6 0.34 0.02
pH NH4-N Na K Ca Mg S04 Specific
mg/1 mg/l mg/l mg/l mg/l mg/l conduct
ance
mS/m
6.2 0.05 24.0 2.4 9.9 3.0 9.6 22.4
6.5 0.14 80.0 11.3 70.0 19.0 160.0 90.0
6.9 0.14 200.0 10.4 73.0 12.5 108.0 159.0
6.3 0.03 25.0 6.0 56.0 12.5 62.0 52.0
5.2 0.02 36.0 6.6 27.0 12.5 26.0 47.4
6.4 0.41 50.0 14.5 24.0 10.0 38.0 49.9
6.3 0.07 21.0 5.6 22.0 7.4 30.0 368
6.2 0.08 34.0 5.6 18.0 8.5 18.0 33.2
7.9 0.04 175.0 3.7 32.0 8.7 80.0 104.0
7.3 0.14 45.0 6.3 21.0 5.8 31.0 42.5
8.2 0.01 130.0 4.8 25.0 6.0 110.0 102.0
the wells. The mean conductance values registered
for the ground water in the Savo and Middle Fin
land regions are 30.0 mS/m and 25.8 mS/m, where
as in the district of Helsinki and the control area,
the corresponding values are only 21.7 mSIm and
21.8 mS/m (Appendix 1).
The influence of the bedrock on the electrical
conductance of the ground water can be seen in
the circumstance that in the rapakivi area it is
63 mS/m, in the area of mafic rocks 34.5 mS/m,
in the area of silicic schists 31.0 mSIm, and in the
area of felsic plutonic rocks 23.6 mS/m (Appendix
2).
4.53 Total hardness, calcium, and magnesium
The average total hardness of the ground water
contained in bedrock based on the research ma
terial as a whole is 4,50 dH. The highest average
hardness occurs in the district of Vehmaa, 7.8° dH,
and the lowest in the Helsinki district, 3.5° dH.
The influence of the bedrock is also revealed in
the value denoting the total hardness of the ground
water by way of the fact that in the rapakivi area
the hardness measured for the ground water is
8.00 dH, in the area of mafic rocks 6.4° dH,
in the area of silicic schists 5.00 dH, and in the area
of felsic plutonic rocks 3.9° dH. The good relia
bility of the results is indicated by the hardness
value of 4.10 dH for the control area, since 12 of
the observation points in that area are located on
granite and two on granodiorite. The difference is
only 0.2° dH compared with the hardness value of
the ground water contained in bedrock in the
area of felsic plutonic rocks as calculated on the
basis of the research materiais as a whole.
When the water is classified according to hard
ness into four classes, soft, moderately hard, hard,
and very hard (Hem 1970, p. 225), then of the
hardness values obtained in this study only the
ground water of the rapakivi area falis into the
class designated as “moderately hard” and ail the
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rest into the class of “soft”. Taken in general, the
ground water contained in Finnish bedrock is soft
in comparison with the ground water occurring in
areas of sedimentary rocks and vulcanites (Davis
and DeWiest 1966).
Between specific conductance and total hardness,
there prevails an even more significant correlation
than that separately with calcium and magnesium:
=
5.3x, + 40, R = 0.75’, T-value = 23.3
where y is specific conductance (mS/m)
Xth is total hardness (°dH).
The average calcium concentration calculated for
the ground water included in the total research
material is 21.2 mgIl, max. 74.0 mg/1, min. 1.8 mg/l;
and the corresponding values as regards magnesium
are 6.8 mg/l, max. 28.0 mg/l, min. 0.6 mg/l.
Regionally considered, the highest calcium and
magnesium concentrations in the ground water
contained in bedrock have been measured in the
areas of Vehmaa and Savo (Appendix 1). The
influence of bedrock on the calcium content of
ground water in particular is to be seen more
clearly than the regional classification. Except in
the case of rapakivi, the calcium content of ground
water increases through the influence of the bedrock
in the order: felsic plutonic rocks (5E = 11.0 mg/l),
silicic schists ( 15.2 mg/l), and mafic rocks
(5E = 16.1 mg/1). Although the district of Vehmaa
is by no means the best possible place to study
rapakivi owing to the proximity of the sea, the
research findings reveal that the ground water
contained in rapakivi bedrock holds on the average
higher concentrations of calcium than does the
ground water occurring in felsic plutonic rocks
(Table 25, Appendix 2). Since the calcium content
of rapakivi is small compared with other groups of
rock, the high calcium figure registered for the
ground water contained in bedrock composed of
rapakivi can probably be attributed solely to the
weathering susceptibility öf the plagioclase present
in the rapakivi (cf. Lahermo 1970, p. 95, Uusinoka
1975, pp. 31—32, Rönkä et al. 1980, p. 48).
In Finland, there has been no need to apply any
limits to the calcium and magnesium concentra
tions in household water for purposes of quality
control, for in any case the concentrations are low
compared with corresponding European standards,
which are (Brown et. al. 1977):
Ca 75—200 mg/l,
Mg <30 mg/l, if S04> 250 mg/l,
Mg <125 mg/1, if S04 < 250 mg/l.
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Fig. 12. Correlation of the magnesium and calcium
concentrations of the ground water contained in bed
rock.
The calcium and magnesium concentrations of
ground water contained in bedrock have a highly
significant mutual correlation as well as highly
significant correlation with specific conductance
(Figs. 12—14). In addition, the following correla
tions have been recorded:
Regression equation R T-value
YCa = O.4xso + 14.2 Q5Q*** 11.7
YCa 0.6KK + 18.0 0.38’» 8.4
YCa = O.2XNa + 17.5 0.36* 7.6
YMg = 0.1xo4+ 5.1 0.38’ . 8.0
YMg = XMn + 6.13 Q37** 8.0
YMg = 0.2X1(+ 5.9 Q35** 75
where YCa is calcium concentration (mg/l)
YMg is magnesium concentration (mg/l)
xs04 is suifate concentration (mg/l S)
xK is potassium concentration (mg/l)
XMn is manganese concentration (mg/l).
4.54 Sodium, potassium, and silica
The average sodium content of ground water
contained in bedrock arrived at in the present
study is 19.9 mg/l, max. 310 mg/l, min. 0.1 mg/l,
mg/1
1.0
y =0.2x+1.8
R 0.70
T 20.6
10
29
20C
mg/1
y =0.5x+6.6
R 0.73’
150 T =
21.9
e
0 50 100 150 mS/m 200
Speeific conductance
Fig. 13. Correlation of the calcium concentration and the specific conductance of the
ground water contained in bedrock.
5C
mg/1
y = 0.2x+ 2.6
-
R=0.66
T=17.1
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Specific conductonce
-
Fig. 14. Correlation of the magnesium concentration and the specific cconductance
of the ground water contained in bedrock.
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the potassium content being 5.1 mg/l, max. 88.0
mg/l, min. 0.4 mg/l.
The districts of Vehmaa and Helsinki stand
apart from the rest of the study areas owing to
the above-average sodium concentrations measured
in the ground water drawn out of bedrock in those
two districts (Appendix 1).
As regards the influence of ro•cks on the alkali
concentrations in ground water, the research
findings indicate only that such concentrations are
lowest in the water contained in the bedrock
composed of felsic plutonic rocks (Na = 16.7 mg/l;
xK = 4.0 mg/l, Appendix 2). The reliability of
the resuit is improved by the stili lower figures
registered for the ground water of the control area
(characterized by the occurrence of granite and
granodiorite), XNa = 11.0 mg/l, XK = 1.8 mgIl.
There is no significant difference between the alkali
contents of the ground water contained in the
areas of mafic rocks and silicic schists, whereas
the sodium content of the ground water contained
in rapakivi bedrock is nearly three times as high
as the total average. Although the sodium con
tained in the ground water derives for the most
part from weathered plagioclase (Davis and DeWiest
1966, p. 104) and in the present case from the
plagioclase of rapakivi, which is more susceptible
than the average to weathering, the sodium content
of the ground water contained in bedrock of the
Vehmaa area is raised to a higher level also by
fossil sea water and in general the proximity of the
sea (Fig. 15). In the district of Vehmaa, there
occur high sodium concentrations also in the
ground water contained in almandite-gneiss bed
rock.
The sodium and chloride concentrations in the
ground water contained in the bedrock of coastal
120
mg/L
lot
c
0
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0(1) 20
Fig. 15. Mean values of the sodium concentrations of
water from drllled wells calculated between the Iand
elevations of <12.5 m, 12.6 —25.0 m, 25.1— 50.0 m,
50.1—100.0 m, 100.1—150.0 m, 150.1—200.0 m,>200
m. The place of the dot in the figure indicates the mean
value of each level.
areas vary greatly. Provided the flow of ground
water is sufficiently abundant from the fresh
water reservoir to the weIl owing to the local
topography and the structure of the bedrock, it is
possible to obtain ground water of good quality
at a distance of 100 m from the shore out of a well
nearly 50 m deep (Table 26).
Sodium and potassium have been observed to
behave dissimilarly in the weathering process.
Potassium tends to become enriched in the
weathering products, whereas sodium dissolves and
passes more easily away (Rankama and Sahama
1950, pp. 431—432, Hem 1970, pp. 147—148).
This dissimilarity comes to the fore also in the
present study from the Na20/K concentration
ratio in the bedrock and the Na+/K+ concentra
tion ratio in the ground water contained in bed
rock (Table 27).
There are no official limits to the concentra
tions of sodium and potassium allowed in house
hold water. An unofficial allowable sodium concen
Table 26. Above-average sodium and chloride concentra
tions in water contained in bedrock in the coastal region.
Of the observations, 12 are from the Vehmaa and 2 from
the Helsinki district.
Level of
bottom of Chloride
well in rela- Distance of Sodium concentra
tion to sea well to sea concentration tion
level (m) (m) (mg/l) (mg/l)
+6.5 900 36 64
—11.0 1750 50 35
—16.5 2000 24 6
—18.0 1600 123 135
—17.5 1400 34 15
—24.0 300 21 15
—24.5 350 175 100
—41.5 50 130 140
—43.0 100 25 14
—44.5 1000 310 460
—46.0 100 200 285
—49.5 20 80 66
—57.0 2000 45 20
—89.0 1600 185 218
Table 27. Na20/K concentration ratios in samples of
rock powder and Na7K+ concentration ratios in samples
of ground water contained in these rock types. 5t
arithmetic mean, n = number of observations.
Bedrock of the Na20/K Na7K
well sites n n
Felsic plutonic rocks 0.67 13 4.2 207
Silicic schists 0.77 9 3.7 131
Mafic rocks 1.55 4 2.9 34
0 20 40 60 80 100 120 140 160 180 m 220
The Iond eLevotion
14 4 21 88 1/.8 41 10
Number of observatons
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tration maximum might be the 200 mg/l mentioned
in the literature (Brown et al. 1977).
The sodium in ground water contained in bed
rock has a highly significant correlation to specific
conductance, chloride, and sulphate (Figs. 16—18).
Further, sodium and potassium have the following
correlations:
Regression equation R T-value
YNa = 3.Xth + 5.1 0.35’» 7.4
YK = l.2Xth•l.6 Q4Q** 8.8
YK XNO3 + 3.5 0.35’» 7.7
YK = 0.lx4+ 2.4 0.32* 6.7
where Xth is total hardness (°dH).
The average Si02 concentration measured in the
bedrock water came to 18.1 mg/l, max. 39.0 mg/1,
min. 4.9 mg/l. The results do not show the influ
ence of different rock types on the Si02 contents
of bedrock water, but it should be pointed out
that in the regions of Middle Finland and Savo
the concentrations measured exceed the average
(Appendices 1 and 2).
4.55 Iron and manganese
The average iron concentration in the bedrock
water of the research material as a whole is
0.98 mgll, max. 18.0 mg/l, min. 0.01 mg/l, and the
manganese concentration 0.24 mg/l, max. 7.6 mg/l,
min. <0.01 mg/l.
The highest concentrations of both iron and
manganese were measured in the bedrock water of
the Vehmaa and Savo regions. In general, the
manganese content increases in the same propor
tion as the iron, with the exception of the mean
values for Vehmaa and the control area, where the
Fe/Mn level is about twice as high as that of the
other areas investigated (Appendix 1).
The highest concentrations of both iron and
manganese measured in this study occurred in the
ground water contained in rapakivi bedrock. The
concentrations in the water contained in felsic
plutonic rocks and mafic rocks are on the same
order in both cases (Fe = 0.7—0.6 mg/l, Mn =
0.2—0.3 mg/l), while in the area characterized by
bedrock consisting of silicic schists the iron con
centration in the ground water is as high as 1.4
mg/l (Appendix 2).
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Fig. 16. Correlation of the sodium concentration and the specific conductance of the
ground water contained in the bedrock.
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Fig. 17. Correlation of the chloride and the sodium eoncentrations in the ground
water contained in bedrock.
Sodium coricentrotion
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Fig. 18. Correlation of the sulphate and sodium concentrations in the ground water
contained in bedrock,
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The nature and thickness of the Quaternary
deposits overlying the bedrock influence the con
centrations of iron and manganese in the water
contained in the rock (Fig. 19). As the thickness
of the overburden, increases, the infiitration of rain
water into the bedrock slows down and in this way
the passage of oxygenated water into the ground
water reservoir is hampered. Accordingly, in areas
with a thick overburden, conditions tend to favor
the enrichment of the iron and manganese concen
trations in bedrock water and the dissolving process
is enhanced.
The average iron and manganese concentrations
in the water of drilled wells less than 30 m deep
are about three times as high as the averages
for the research material as a whole: that is, Fe:
= 3.4 mg/l, s = 5.0, n = 15; Mn: 5E = 0.66 mgIl,
s = 1.92, n = 15.
When the concentration limits established for
the supervision of the healthful quality of house
hold water (Lääkintöhallitus 1980) are applied, it
can be seen that the quality of the bedrock water
is good with respect to iron in 60 % of the
observations and with respect to manganese in
54 % (Fig. 20). The bedrock water in the control
area and the district of Helsinki is of the best
quality (Table 28). If both the iron and the manga
nese concentrations are taken into consideration
together, then 43 % of the observations indicate
the quality of the ground water contained in bed
rock to be good (Fig. 21).
The iron content of bedrock water has a highly
significant correlation to the color value (Fig. 22).
Further the iron and manganese concentrations
in the water contained in bedrock included in the
present research material have the following corre
where YFe is iron concentration (mg/l)
XNH4 is ammonium concentration (mgll N)
x0 is color (mg/l Pt).
Table 28. Quality of bedrock water as regards iron and
manganese concentrations (x mg/l) by study areas:
Good if XFe < 0.3 XMn < 0.1
Fair if XFe = 034° XJyj = 0.120.5
Poor if XFe> 1.0 XMn> 0.5
Quality of water
Study area Good % Fair % Poor 91
Fe Mn Fe Mn Fe Mn
Middle Finland 62 51 18 36 20 13
Savo 53 49 19 42 28 9
Helsinki district 71 75 21 23 8 2
Vehmaa 0 18 33 55 67 27
Control area 86 93 14 7 0 0
lations:
Regression equation R
YF = L62XMn + 0.59 0.48»**
YFe = S.9hNH4+ 0.74 Q43**
YMn = 3.50x0 + 1.40 Q33**
T-value
11.2
9.4
7.2
claes af water quaLity
Good Fair Paor
Felmg/t) 0.3 0.3—1.0 1.0
Mn(nig/Ll 0.1 ci— 0.5 >0.5
1.34 Aritl’imetjc meon ot the claes
41 Number of determinations
claes of water quatity
Fig. 20. Quality of the water contained in bedrock
classified according to the recommended maximnm
concentrations of iron and manganese.
Claes ot water quaLity
Fi& 19. Relationship of the iron and manganese
concentrations in the ground water containcd in bed
rock to the average thickness of the overburden.
Fig. 21. Quality of the water contained in bedrock
clsssified according to the recommended maximum
concentrations of iron and manganese.
4.56 Sulphate
The average sulphate content of the bedrock water
is 19.0 mg/I, max. 175.0 mg/l, min. <0.1 mg/l. The
concentration is highest in the district of Vehmaa
and lowest in the region of Middle Finland. In the
other areas, the concentrations are on the same
order of magnitude (Appendix 1).
The bedrock influences the sulphate content of
the ground water in such a way that the concentra
tion increases in the order: felsic plutonic rocks,
mafic rocks, silicic schists, rapakivi (Appendix 2).
No correlation could be detected between the
sulphate content of bedrock water and the distance
of the observation site from industrial plants; on
the other hand, the sulphate has a highly significant
correlation to the chloride content and specific
conductance of the ground water (Figs. 23 and 24).
4.57 Phosphate
The average phosphate content of the bedrock
water is only 0.03 mg/1, max. 0.77 mg/1, min.
1 300
0
c
0
0
c
0 50 100 150 mg/1 200
Sulphate concentration
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Fig. 22. Correlation of the color and the iron con
centration in ground water contained in bedrock.
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mg/t
400
y 1.2x—1.6
R 0.62
T 16.1
Fig. 23. Correlation of the chloride and sulphate concentrarions in ground water contained in bed
rock.
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Fig. 24. Correlation between the sulphate Concentration and the specific con
ductance of the ground water contained in bedrock.
< 0.001 mg/l. The phosphate concentration in
wells less than 30 m deep is twice as high, or
= 0.06 mg/1, s = 0.12, n = 15. The highest con
centrations occur in the regions of Vehmaa and
Savo, just as was the case with sulphate (Appendix
1).
The water contained in bedrock consisting of
silicic schists registers the highest phosphate
content. The concentrations in the ground water
contained in other types of rock are on the same
order of magnitude (Appendix 2). In the present
author’s previous study, the phosphate content of
water contained in granite bedrock was nearly
tenfold in comparison with the corresponding
content is the water occurring in bedrock com
posed of amphibolite-hornblende gneiss (Rönkä
et al. 1980, p. 46).
4.58 Chloride and fluoride
The average chloride content of ground water
contained in bedrock is 20.8 mg/1, max. 460 mg/1,
min. 0.1 mg/1. The ground water of the Vehmaa
area has an exceedingly high chloride content and
the control area an exceedingly low content
(Appendix 1).
In the light of the large number of observa
tions on the influence of bedrock on the chloride
content of ground water, the conclusion can be
drawn that the water contained in mafic rocks has
nearly twice as high a chloride content as the water
contained in felsic plutonic rocks (Appendix 2).
According to the concentration limits established
for the control of the healthful quality of house
hold water (Lääkintöhallitus 1980), the quality of
bedrock water is divided as follows with regard to
chloride content:
xj < mg/l
xc = 100—400 mg/l
x > 400 mg/l
According to European standards, the corres
ponding limit values are 200 mg/l and 400 mg/l
(Brown et al. 1977).
The chloride concentrations in bedrock water
have a highly significant correlation coefficient
with specific conductance (Fig. 25) as well as the
following correlations:
Regression equation R T-value
yci = 6.SXth — 8.8 Q.51» 11.5
yci = l.3x — 6.1 0.49’»» 11.4
YCI 3.4XMg — 2.5 Q44** 9.9
y =0.6x+t6
R = 0,65”
T= 7.2
100 150 mS/m 200
Specific conductance
97.5 %
2.3 %
0.2 %
where yj is cloride concentration (mg/l).
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Fig. 25. Correlation between the chloride concentration and the specific conductance
of the ground water contained in bedrock.
Furthermore, high chloride concentrations in
bedrock water (XCI > 60 mg/l) have a significant
correlation coefficient with ammonia, R 0.77,
n = 23. This correlation coefficient is not, how
ever, comparable to the other correlation coeffi
cients presented in this study owing to the sparsity
of observations.
The average fluoride concentration in the bed
rock water is 0.6 mg/l, max. 3.8 mg/l, min. 0.03
mg/l.
The highest fluoride concentrations are in the
ground water of the Vehmaa area (1.5 mg/l) and
the lowest in that of the control area (0.2 mg/1,
Appendix 1).
Taking into account the bedrock of Finland, an
exceptionally high fluoride content occurs in the
water contained in rapakivi (2.0 mg/l). The fluoride
concentrations in ground water contained in other
types of rock are as follows: silicic schists 0.4 mg/l,
mafic rocks 0.5 mg/l, and felsic plutonic rocks
0.6 mg/1. The great difference between the control
area (consisting of granite and granodiorite) and
the area of felsic plutonic rocks with respect to
the concentrations of fluoride in the bedrock water
indicates that the other physico-chemical factors of
water and rock have a greater effect on the fluoride
content of the ground water than has the actual
amount of fluorine in the bedrock. Among other
things, as the pH level of bedrock water rises,
the fluoride content also tends to rise (Fig. 26).
According to the concentration limits estab
lished for fluoride in the control of the healthful
quality of household water (Lääkintöhallitus 1980),
mg/1
0
0
0
0
0
0)
0
0)
0
0•
Fig. 26. Fluoride concentration and pH of water con
tained in bedrock. Observations classified at intervais
of 0.5 pH unit. The columns represent the proportion
of observations belonging to each pH-value interval.
pH
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the quality of bedrock water is divided with regard
to fluoride content as follows:
xF < 1.5 mg/l good 91.5 %
xF = 1.51—3.0 mg/1 fair 8.2 %
xF> 3.0 mg/l poor 0.3 %
The fluoride contained in bedrock water has a
nearly significant correlation coefficient with re
spect to nitrate and sodium:
Regression equation R T-value
YF —XNO3+ 0.65 —0.31» —6.5
YF = XNa + 4.3 0.29» 6.0
4.59 Ammonia, nitrite, and nitrate
According to the present study, the average con
centrations of nitrogen compounds in ground
water contained in bedrock are as follows (mg/l):
NH4 — N, i 0.6, max. 2.6, min. <0.01
NO2 — N, 0.01, max. 0.09, min. <0.001
NO3 — N, 1.5, max. 28.0, min. <0.001
Regionally, there are no differences whatsoever
between the concentrations of ammonia and nitrite
in bedrock water. The nitrate content is highest in
the ground water of the control area, with its
dense settlement (5 = 2.3 mg/l, s = 1.7, n = 14).
Although the concentration is only 0.4 mg/l higher
than the corresponding concentration measured in
the Savo region (i 1.9 mg/l, s = 3.7, n 106),
statistically the standard deviation values indicate
that the nitrate content of the ground water in
the control area is uniformly higher than that of
the ground water in the Savo region. In the Savo
region, a few of the exceedingly high values cause
a rise in the arithmetic mean of the ammonia
(Appendix 1).
Judging by the water analyses, the bedrock has
no effect on the amount of nitrogen compounds in
ground water (Appendix 2). The ammonia content
(x = 0.19 mg/l, s 0.48, n = 16) of the water
contained in iow rock masses (depth < 30 m) is
roughly three times as high as the average for
the research material as a whole, but the nitrate
content is correspondingly lower. Ammonia, how
ever, can be bound as complex compounds to
humus (Hem 1970). This is also indicated by the
fact that by study areas the ammonia content of
the bedrock water follows the corresponding iron
content (Fig. 27).
According to the concentration limits estab
lished for the control of the healthful quality of
household water (Lääkintöhallitus 1980), the qual
ity of the bedrock water is divided with respect to
the ammonia content (XNH4mg/l) as follows:
XNH4 < 0.38 good 97.5 %
XNH4 0.38 — 1.15 fair 1.5 %
XNH4> 1.15 poor 1.0%
The ammonia content of the bedrock water has
the following correlation coefficient with respect
to the phosphate, chemical oxygen demand (COD),
and color:
Regression equation R T-value
YNH4 l.2xpo4+ 21.3 0.40»» 8.8
YNH4 = 30.7XC D — 5.1 0.35»» 7.5
YNH4 = 1.2x0 + 30.1 0.31» 6.6
where xp4 is phosphate concentration (mg/l P)
XCOD is chemical oxygen demand (mg/l 0).
4.510 Color and chemical oxygen demand
(COD)
The average color value of the ground water con
tained in bedrock is 27 mg/1 Pt, max. 900 mg/l Pt,
min. 0.0 mg/l Pt.
The color value of the bedrock water is the
highest in the district of Vehmaa (110 mg/l Pt).
The color value of the ground water contained in
rapakivi bedrock is 113 mg/l Pt (Appendices 1 and
2). Since the iron content and color value of the
c
0
E
c
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0
0
€3
0
0
MiddLe Savo Helsinki Vehmas Controt
Finlond district oreo
Fig. 27. Reiationship between the average iron and
ammonium concentrations in the water contained in
bedrock by study areas.
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bedrock water caiculated for the research material
as a whole have an exceedingly significant correla
tion coefficient (R = 0.64»»»), this indicates that
the high color values are due to the high 143+ con
centration in the water.
According to the limit values recommended for
the control of the healthfui quality-of household
water (Lääkintöhallitus 1980), the quality of the
ground water contained in bedrock is divided as
follows with respect to color value:
The effect of the bedrock on the color value of
the ground water is as follows;
Bedrock
Rapakivi
Silicic schists
Felsic plutonic rocks
The COD of the bedrock water, which has
been calculated from the KMnO4-consumption,
is on the average 2.2 mg/l, max. 21.0 mg/l, min.
<0.0 mg/i.
No difference of a regional nature or one attribu
table to the influence of the bedrock can be de
tected in the COD value of bedrock water (Ap
pendices 1 and 2). On the other hand, differences
do exist that are due to the local topography and
the type of land utilization (Table 29).
According to the lirnit values recommended
for the control of the healthful quality of house
hold water (Lääkintöhallitus 1980), the quality of
the ground water contained in the bedrock is divid
ed as foliows with respect to the COD value:
Category of observation site COD value in water
as to topography and type above 7.5 mg/l
of land utilization (%)
High ground (eminence) 1
Fiat (piain) 5
Lowland (depression) 8
Tilled ground (field) 6
Woodland (forest) 4
Thickly settled area 2
The COD value of water contained in bedrock
considered in pairs has the following coefficients
of correlation:
Regression equation R T-vaiue
YCOD x» + 0.8 0.39” 8.7
Yc0D = O.lx + 1.7 Q34** 75
YCOD = XNa + 1.6 0.31* 6.7
YCOD = x0 + 1.8 0.30» 6.5
where x is specific conductance (mSIm)
x0 is coior (mg/1 Pt).
4.511 Copper, zinc, cadmium, lead, and nickel
In the present study, the following average copper,
zinc, cadmium, lead, and nickei concentrations in
ground water contained in bedrock have been
obtained:
i max. min.
x pg/i 31 230 0
xpgIl 390 5000 0
x,jpg/l 0.3 4 0
xpb pg/l 1.5 30 0
xNipg/l 1.8 20 0
The Cd, Pb, and Ni concentrations are so small
that in most cases they fali below the determina
tion level and therefore are far from the amounts
liable to prove a health hazard.
Ali the observations in which the zinc concen
tration in bedrock water exceeds 1000 pgli have
been made from water contained in areas of felsic
plutonic rocks and silicic schists.
Copper has a tendency to become enriched in
ground waters contained in bedrock composed of
mafic rocks and silicic schists (Appendix 2).
According to the maximum concentrations
established for the control of the healthful quality
of household water (Lääkintöhallitus 1980), the
quality of the ground water contained in bedrock
is divided as follows with respect to the zinc
content:
4.512 Radioactivity
The natural radioactivity of water is due to the
activity transfer from bedrock and soils. The activ
x0 < 15 mg/i Pt
x0 15.1—30 mg/l Pt
x0> 30 mg/l Pt
67%
14%
19 %
Coior (mg/1 Pt)
> 30
(%)
100
29
15
xcoD < 3.8 mg/l 87 %
= 3.81—7.5 mg/l 9 %
XCQD> 7.5 mg/l 4 %
Table 29. The effect of topography and type of land
utilization on the content of organic matter in ground
water contained in bedrock (COD value). XZn < 1000 iigll
xz 1000—3000 ijgll
xz> 3000 pg/l
89 %
8%
3%
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ity concentrations found in water depend therefore
on the concentrations encountered in the rocks
with which the water comes into contact. The state
of disequilibrium commonly observed in natural
water between 238U, 226Ra, and 222Rn can be
explained by the differing chemical and physical
characteristics of these elements and their precur
sors. 222Rn is a noble gas and is very mobile. In
ground water, its concentrations are usually from
i03 to i04 times as high as the concentrations of
or U (Asikainen 1982, p. 8).
As calcuiated in the present study, the mean
values representing radioactivity in bedrock water
are as follows:
The regional differences in the average radon
concentrations in bedrock water are great, ranging
from a value of 1 400 pCi/1 (control area) to
46 800 pCi!! (Helsinki district). The differences
diminish when the observations are considered in
the context of the environing rock. Accordingly,
the ground water contained in rapakivi bedrock
has the highest 222 concentration and the water
in mafic rocks the iowest (Appendices 1 and 2).
The uranium determinations were made from
water samples with a high gross alpha activity.
The uranium concentration in seven samples was
not less than 100 pg/l, and ail the observations
made involved granite bedrock (Table 30).
Table 30. Radioactivity of ground water contained in
bedrock obtained from observations showing a uranium
concentration of > 100 pg/l. 5t = arithmetic mean, s
standard deviation, n number of observations.
Sign of Location 222Rn 226Ra Gross U
observa- pCi/l pCi/l alpha pgfl
tion activity
pCi/l
088 005 (Heinola) 23 000 4.3 164 210
180 001 (Jyväskylän 27 000 0.4 56 100
mlk)
182 007 (Jämsä) 14 000 2.6 190 280
182 040 (Jämsä) 18 000 1.6 180 250
183 009 (Jämsänkoski) 33 000 3.4 200 490
781 017 (Sysmä) 90 000 5.0 500 820
895 001 (Uusikaupunki) 8 900 9.6 140 190
5t 30600 3.8 204 334
s 27400 3.0 139 245
n 77 7 7
The rock powder taken from a well the water of
which showed the maximum uranium concentra
tion (820 pg/l) did not, however, contain any
uranium whatsoever.
The radon, radium, and gross alpha activities
are mutually correlated in the ground water
contained in bedrock as follows:
Regression equation R T-value
YRn =l4000XRa + 5000 0.59»’» 15.7
YRa = Xa+ 0.6 0.49’ 10.5
YRn = 2300xa + 12000 0.34’ 7.2
where YRn S 222Rn activity (pCi/l)
YRa is 226Ra activity (pCi/l)
Xa is gross aipha activity (pCi/l).
5. DISCUSSION OF THE RESULTS
5.1 Interpretation of the fracturing of
the bedrock
Various interpretations and methods have been
used and developed to explain the interactions be
tween bedrock and the ground water contained in
it (Nimi 1968, Nimi and Ekhoim 1976, Tröften
1973, Larsson et al. 1977, Olsson 1979). The
classifications used in the present study for hydro
geological interpretation relating to topography,
Quaternary deposits, rock types, and the fracturing
of the bedrock are based on map readings and
surveys of the terrain.
The fracture line densities arrived at in the
present study (see Table 17) — as in, for exampie,
the regions of Middle Finland and Savo — are
greater than those marked on fracture line maps of
corresponding areas investigated by various re
searchers (Vuorela and Nimi 1982). Although ali
the iineaments interpreted here as fracture lines
might not be severely fractured zones, the inter
pretation nevertheless follows a similar course to
that manifest in the maps referred to. The density
of lineaments worked out by Vuorela (1979) is
greater in the Savo region than in Middle Fin
land. The same resuit was reached in the present
study.
The numerical value of the fracturing used in
this study as rectified by the width of each
fracture zone can be successfully employed when
preliminary information is required on the possi
bilities of obtaining water from bedrock (Section
4.1).
222Rn pCi/l
226Ra pCi/l
Gross alpha
activity pCi/l
x
16200
0.8
max.
470000
20.0
min.
0
0.0
16.7 820.0 0.0
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5.2 Results from the rock powder
sampies
The rock powder obtained in connection with the
drilling of a well provides a fairly reliable vertical
picture of the structure of the bedrock and the
type of rock prevalent at the site of the well. The
picture thereby gained covers so limited an area,
however, that most of the elements contained in
the bedrock and, correspondingly, in the ground
water have no mutual correlation whatsoever (Kut
seva and Konovalov 1976, Rönkä et al. 1980).
Calcium represents the exception, however, its
correlation coefficient being R 0.52 (Fig. 5). The
iron concentration in the minerais of the rocks has
scarcely any correlation to the iron content of the
ground water present in the surroundings. The
iron content of the ground water is influenced
considerably more by the redox potential than the
concentration of iron in the surrounding bedrock
(Hem 1970).
Correlations on the same order as those arrived
at through a portion of the research material
included in the present study (Rönkä et al. 1980)
have been obtained previously in Russian bedrock
by Pitjeva et al. (1978) with respect to calcium,
silica, and sodium as well as, in addition, chloride
and sulphate.
The copper content of the rock powder sampies
is on the average higher than the contents meas
ured by Salminen (1980, p. 37) in corresponding
types of rocks. On the other hand, Salminen’s
findings with respect to the copper concentra
tions in glacial till and weathered bedrock corres
pond quantitatively to the copper concentration
in the rock powder analyzed for the present
study.
In general, the particle size of the powder result
ing from the crushing of rock has been observed
to be affected more by the size and hardness of the
mineral grains of the rock itself than by the type of
rock as such. Further, it is affected by the number
and openness of the joints as weII as by the shearing
and weathering characteristics of the bedrock (cf.
Kauranne et al. 1972). The cutting properties of
the drill used (amount of wear sustained by it)
also have an effect on the grain size of the powder,
though hardly to any significant extent. The color,
size, and shape of the powder grains give indica
tions of the type of rock, its resistance to erosion,
and its weathering susceptibility (Kauranne 1970 a,
1970 b).
The classification of the powder into four
categoriess of coarseness, as used in the study,
shows graphically the most prevalent degree of
coarseness measured in the powder of each type of
rock. The numerical values of Fig. 7, as converted
into percentiles, reveal the powder of the different
varieties of rock to belong to the two coarsest
categories (vety coarse and coarse) as follows:
— granite and pegmatite 73 %
— mica gneiss, mica schist, and
granite gneiss 50 %
— granodioriteand quartz diorite 45 %.
The average degree of coarseness of the rock
powder shows clearly, according to Fig. 8, that the
yield of wells increases with an increase in the
size of the particles. The correlation between
particle size and the average depth of a well is not
so clear as that between particle size and yield
(Fig. 9). A similar tendency can be seen, however,
for as the particle size diminishes, the average
depth of the wells increases.
The visual classification of pulverized rock
enabies one to judge the quality of bedrock (type
of rock, mineral grain size, indications of breakage,
and weathering), which, again, reflect the water
conductivity properties of the bedrock.
5.3 Water-bearing capacity of bedrock
and the depth of wells
The data on the yield of drilled wells are not gen
erally mutually comparable owing to the differences
in the measuring methods. An exception, however,
is the so-called Kallioniemi material (Fig. 10)
presented in the present study, where the yields
are mutually comparable. The Kallioniemi material
includes substantially fewer wells belonging to the
24—120 m3/d yield category than do the studies
made previously (cf. Laakso 1966). In practice, the
disclosure of excessive yield estimates by the out
right exhaustion of the water supply in wells is
seldom experienced, for the average utilization of
water (1.4 m3/d) is less than 5 % of the average
estimate of yield (30 m3/d).
In several studies, plutonic rocks have been
found to have a higher yield of water than meta
morphic rocks (Meier and Petersson 1951, Bryn
1961, Carlsson and Olsson 1977a, Hordon 1980).
According to the classification used in the present
study, rapakivi has the highest yield (31.3 rn3ld).
The yield of bedrock composed of silicic schists is
on the average 3.5 % higher than that of felsic
plutonic rocks, the yield of which, again, is about
4 % better than that of mafic rocks (Table 23).
If the material of this study is divided into
plutonic and metamorphic rocks, the yield of the
former exceeds that of the latter by roughly 3 %.
A number of researchers have observed in differ
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ent areas that the yield of drilled wells does not
significantly increase after a certain depth (Meier
and Petersson 1951, Wenner 1951, Davis and Turk
1964, Davis and DeWiest 1966, p. 322, Brown et al.
1977, Tröften 1973, Carlsson and Olsson 1977b,
p. 82, Carlsson 1979, p. 70, Lindblom 1980, Lloyd
1981, pp. 195—196). According to the present
study, the highest yield is given by wells with a
depth of 41—50 m (Fig. 11). As, however, the
average depth of the wells included in this material
is 60 m, the inference has to be that wells are
frequently drilled too deep in Finland — that is,
after a certain depth, the desired additional yield
is not obtained. The yield actually begins to drop
in the 51—60 m depth class, and an even more
noticeable drop takes place in the 61—70 m class.
In Sweden Carlsson and Olsson (1977 b) and else
where Davis and DeWiest (1966) have also found
the yield of water to diminish at the depth of
50—60 m. Lindblom (1980) has calculated the
average yields of drilled wells in Sweden and arrived
at the same resuit as Lloyd in England (1981):
bedrock is most fractured at the depths between
20 and 30 m, after which the yield of ground water
begins to decrease.
The foregoing view that there is a tendency to
drill wells too deep into bedrock is further
supported by a weak negative correlation coeffi
cient with respect to depth and yield (R = —0.21).
Nearly the same correlation (R = —0.18) has been
obtained also in India (UhI et al. 1979).
The relation between the thickness of the depos
its overlying bedrock and the specific yield of the
bedrock (m3/&m) is indicated by the finding that
the specific yield of bedrock is on the average
0.08 m3/dm smaller in an area where the thickness
of the overburden is less than 10 m compared with
the specific yield in an area where the thickness
exceeds 10 m.
The arithmetic mean (59.9 m) of the depths of
drilled wells arrived at in the present study is only
1.7 m greater than the corresponding value reported
in Natukka’s (1955) study. The average depth of
drilled wells from bedrock areas of the United
States comparable to those investigated for the
present study is 60 m and from Sweden 64.3 m
(Tröften 1973).
The average depths of the wells by study areas
are between 40.7 and 67.4 m. The low average
depth of the wells in the district of Vehmaa is
due to the risk of a rise in the salinity of the
water if they are drilled too deep. The wells in
Middle Finland are 16.5 m deeper than those in
the Savo region (Table 20). Although the bedrock
in the Savo region was found to he on the average
more fractured than that in Middle Finland, the
difference of 16.5 m in the average depth of the
wells cannot be due solely to geological circum
stances. The wells in Middle Finland have been
drilled since 1975, when up-to-date drilling equip
ment capable of quick results was available,
whereas the wells in the Savo area were drilled in
the 1960s, when slow cable tool percussion drilling
was often used. Therefore, the greater average
depth of the wells in Middle Finland might be
explained in part by the human factor — with
rapid drilling equipment it has been easy to drill
a well somewhat deeper than has been necessary.
Such geological factors as topography, density of
fracture lines or zones, the distance of wells from
the nearest fracture zone, etc., have a statistical
significance in determining the depth of wells.
Wells located on flat ground are on the average
33 % deeper than the ones located in depressions.
Wells drilled into bedrock with few fracture zones
are on the average 39 % deeper than wells drilled
in areas with more numerous fracture zones, and
wells drilled right into a fracture zone are 34 %
shallower than the ones drilled outside any frac
ture zone (Table 21).
5.4 Quality of the ground water in
bedrock
pH. The pH of ground water contained in bed
rock is generally higher than that in overlying
deposits (Laakso 1966, Lahermo 1971, Carlsson
and Olsson 1977a). The average pH value measured
in bedrock water for the present study, however is
0.3—0.4 of a unit lower than the figure reported
by Laakso (1966). Variations amounting to 0.5—
0.7 of a pH unit commonly occur in the ground
water contained in Precambrian crystalline bedrock
(Englund and Myhrstad 1980, p. 40); but insofar
as the drop in the pH level of the bedrock water
registered in the present study cannot be blamed
on any statistical error, what must be involved is
a slight acidification of the water. Studies carried
out in Norway show the pH of ground water to
have dropped in places owing to acidification of
rain water (Henriksen and Kirkhusmo 1982).
Between the pH and the fluoride concentration
there exists a significant correlation coefficient,
R = 0.42’; on the other hand, according to
Soveri’s (1981) investigations, the corresponding
coefficient of ground water in Quaternary strata
R = 0.78. In one part of the research material
collected for the present study a correlation
coefficient of R 0.75 was obtained. The lower
value arrived at in this work can be partially
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explained by the fact that there is more variation
in the fluoride content of bedrock water than in
the ground water contained in the soi! strata.
Specific conductance. The mean specific con
ductance value (28 mS/m) is by and large the same
as that arrived at by Laakso (1966) but consider
ably below the figures reported by Lahermo (1970,
1971). In the present work, as is generally the
case in Finland, the variations in the conductance
of ground water contained in bedrock is so slight
that the amounts of dissolved sa!ts cannot be
estimated. If the values registered for the specific
conductance of ground water are sufficiently high,
the amounts of dissolved matter contained in water
can be estimated on the basis of the conductance
(Hem 1970, p. 100).
Mafic rocks contain more minerais susceptible
to weathering than felsic rocks do, which means
that the conductance of the ground water con
tained in bedrock composed of the former types
of rock is higher than that of the latter (Lahermo
1970, Englund and Myhrstad 1980). Their average
conductance difference in the light of the present
work is 11 mS/m. The high conductance value
registered in the rapakivi area is partly due to the
rather large content of dissolved matter (salts) in
the ground water derived from fossil sea water.
The specific conductance value arrived at by La
hermo (1971) for the bedrock water in the coastal
zone of the Viborg rapakivi area is the same as the
value measured in the present study for the water
contained in the rapakivi bedrock of the district
of Vehmaa.
Total hardness, calcium, and magnesium. The
mean value (4.5° dH) arrived at for the total
hardness of the ground water contained in bedrock
is slightly higher than that reported by Lahermo
(1970) but lower than Laakso’s (1966) figure. The
mean value for the total hardness of the bedrock
water of the rapakivi area, however, is the same as
that arrived at by Lahermo (1971) for the rapa
kivi area of southeastern Finland. The waters
contained in bedrock are 1...3°dH harder than
those contained in overlying Quaternary deposits.
Internationally, the standards of hardness vary
greatly (Brown et al. 1977, Everett 1980). Reporting
on hardness in geochemical studies is not essential,
for it is implicit in the calcium and magnesium
concentrations (Hem 1970).
Both the calcium and the magnesium concentra
tions rise, according to the type of rocks, in the
following order: felsic plutonic rocks (lowest) —
silicic schists — mafic rocks (highest), excepting
the rapakivi area. The concentrations measured in
connection with the present study are typical of
the bedrock waters of areas of plutonic rocks
(cf. Marcher 1971, Kutseva and Konovalov 1976,
Mandel and Shiftan 1981). The calcium and magne
sium concentrations of the ground water in the
rapakivi area are among the highest measured
during the course of this work and correspond to
the values reported for the Viborg rapakivi area
(cf. Lahermo 1971).
The wells in the Savo region observed to have
been drilled into dolomite bedrock indicate that
other observations as well be!ong to the dolomite
sphere, for the magnesium concentrations of the
ground water there are nearly twice as high as
those measured in the Helsinki district, where
there are also dolomite occurrences in the prox
imity of well sites included in the study (Table
16, Appendix 1).
In comparison with the findings reported in
earlier investigations, the calcium and magnesium
concentrations of the bedrock water have dropped
some ten per cent (cf. Laakso 1966). This may
he partly due to the circumstance that the residence
time of water in soi! and bedrock has been
generally shortened by the increase in the consump
tion of water
— the shortened time is quickly
reflected in the diminishing of the content of
easily soluble calcium in the ground water.
The concentrations of both calcium and magne
sium are low in the ground water contained in
Finnish bedrock in comparison with the interna
tional standards set for drinking water (cf. Brown
et al. 1977), which shows that the quality of
Finnish water is good as judged in these respects.
Sodium, potassium, and silica. The sodium
concentration in the ground water contained in
plutonic and metamorphic rocks has been found to
be generally 1—20 mg/l (Davis and DeWiest 1966,
p. 105); hence the mean value arrived at in the
present work (19.9 mg/l) is in normal bounds,
though, it is true, rather on the high side. The
high correlation coefficients of sodium with chlo
ride and sulphate, however, give evidence that sea
water has the effect of raising the sodium con
centrations in ground water, for the correlation
coefficient is stili greater in the districts of Hel
sinki and Vehmaa (Figs. 17 and 18). A sodium con
centration of the same order as that measured in
the present work was arrived at in Lahermo’s in
vestigation (1971) of the bedrock waters of the
Viborg rapakivi area.
According to Davis and DeWiest (1966, p. 106),
the potassium content of bedrock water is on the
average one-tenth of the corresponding sodium
content, which means that the potassium content
(4.9 mg/l) registered in this work is also rather
high. According to Lahermo (1971), the potassium
content of the ground water in especially the rapa
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kivi area is stili greater, or nearly 14 mg/l.
Sodium together with chloride indicates the
increase in the salinity of the ground water con
tained in bedrock in the coastal zone. In the light
of the number of observations, the risk in a rise in
the salt content of the water in drilled wells in the
coastal region is great under uncontrolled condi
tions (Table 25). On the other hand, individual
cases prove it possible to obtaingood water from
a drilled welI located only 100 m from the seashore
in North America and Sweden in areas fairly similar
to the present one (cf. Mandel and Shiftan 1981,
p. 233, Ericsson 1981).
The silica concentrations of ground water are
generally 5—40 mg/l. If the pH rises over 9, it
causes a considerable increase in the silica content
of the water (Davis and DeWiest 1966, p. 101).
The average silica concentration in bedrock water
measured in this work, (3 = 18.1 mgIl), is slightly
higher than Lahermo’s figure (1971). The average
silica concentration in bedrock water is approxi
mately 5 mg/l higher than the corresponding
measurements reported by Lahermo (1970) from
ground water contained in Quaternary deposits.
Iron and manganese. The average iron concen
tration in the water of drilled wells investigated in
the present work is 0.1—0.2 mg/l lower than the
concentration in ground water contained in soi1 as
reported in earlier studies (cf. Wäre 1959, 1961,
Laakso 1966, Pönkkä 1981). According to the sum
curves of frequency, the iron concentrations in
bedrock water are nearly the same in thjs and
Laakso’s (1966) study. The results reported in these
two studies are not, however, directly comparable
because Laakso carried out his iron determina
tions from filtered sampies; in other words, his
measurements include soluble iron alone. Accord
ingly, the total iron content of Laakso’s material
cannot be known exactly, but it must certainly
be greater than in the present study, in which
ferric iron accounts for a substantial proportion
of the total iron content.
The results as regards manganese are similar,
which is shown also by the correlation coefficient
between the iron and manganese concentrations
(R =
The highest iron and manganese concentrations
occur in the ground water of the rapakivi area.
These concentrations are as high in the ground
water contained in felsic plutonic rocks as in the
ground water contained in mafic rocks, whereas the
iron concentration in the ground water in bedrock
composed of silicic schists is twice as high; the
manganese concentration is likewise higher (Appen
dix 2). These concentrations show that the iron
and manganese contained in bedrock water depend
more on the susceptibility to weathering of the
minerais and the nature of the weathering than
on the relative abundance of the elements them
selves in the rock (cf. Le Grand 1958, Hem 1970,
Lahermo 1970, Larsson et al. 1972). Vuorinen et
al. (1981) have tried to determined through labora
tory tests also the significance of bacteria in the
weathering of rapakivi, but with respect to iron no
correlation emerged.
The iron and manganese concentrations in the
ground water of the Helsinki district and the
control area are appreciably Iower than in the
water of Middle Finland, though the most preva
lent rock group in every one of the areas consists
of felsic plutonic rocks (Table 16). To some ex
tent, the difference in concentrations is due to the
prevailing difference between the areas with respect
to the relationship between bedrock and till de
posits. The marine stages following the last glacia
tion did not extend as far as the Middle Finland
region; the elevated masses of rock are therefore
in many cases covered by a till layer of varying
thickness, and the bedrock surface in that region
is likely to be more weathered than in the Helsinki
district or the control area, where the eminences
of rock have been washed by waves and remained
without traces of weathering.
The thickness of the overburden has already
been observed in earlier studies (Rönkä and Tur
tiainen 1980), as in the present work, to increase
the iron content of ground water contained in
bedrock. The thicker the overburden, the smaller
the chances of oxygen-bearing rain water’s passing
down into deep layers of soil; hence the iron pos
sibly occurring in deep ground water must be in
soluble form upon the water’s flowing further
down into the bedrock. Though oxygenated water
might pass into the bedrock from uncovered areas
and iron is thus precipitated,. it is also borne as a
precipitate into any nearby drilled well, for the
retention of precipitated iron in rock fissures
occurs on a smaller scale than in soil layers. An
indication of the presence of precipitated iron in
bedrock water is a high coefficient of correlation
between the total iron and the color value (Fig.
22).
In Finland, iron and manganese have customarily
been regarded as the commonest factors impairing
the quality of water contained in bedrock. Accord
ing to the classification used in the present work,
however, 75 % of the observations are at the very
least on the level of “fair” with respect to iron and
manganese content (Fig. 21).
Sulphate. The sulphur involved in ground water
derives for the most part from the atmosphere
and the sulphates, such as gypsum, contained in
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sedimentary rocks. In the ground water of the
Precambrian crystalline bedrock area, however,
the sulphate derives from the sulphide minerais
of the bedrock and in places also from the matter
settling to earth after the burning of fossil fueis
(Davis and DeWiest 1966, p. 108). The sulphate
content of bedrock water is slightly higher accord
ing to the studies of both Laakso (1966) and
Lahermo (1970) than that f ground water con
tained in the overburden.
In the light of the present work, the sulphate
content of ground water contained in bedrock
increases in the following order: felsic plutonic
rocks (lowest)
— mafic rocks
— silicic schists
—
rapakivi (highest). The high sulphate content of
bedrock water is correlated to rapakivi and the
sulphides of the Littorina zone, for, according to
Lahermo (1971), there is also a high sulphate
content in the bedrock water of the Viborg rapa
kivi area and, according to Laakso (1966), in that
of the rapakivi area of southwestern Finland. Both
areas belong to the Littorina zone. Laakso’s
(1966) study also shows that the sulphate concen
trations are lower in the Littorina zone of Pohjan
maa (Ostrobothnia), where the rock is not ra
pakivi. Sulphide minerais generally occur in rapa
kivi as disseminations, but at Säkkijärvi (Kon
dratjevo) galena has been met with in rapakivi
also as dikes.
The coefficient of correlation between the
sulphate content and specific conductance of
ground water arrived at in the present work
(R = 0.65**) is the same as that reported by
Wentz (1974).
The high coefficients of correlation of sulphate
with chloride (R = 0.80***), sodium (R =
and calcium (R = 0.50**) indicate that the high
sulphate concentrations in the ground water of the
rapakivi areas are due partly to sea water, too.
Phosphate. The most important phosphoric
mineral in the bedrock dealt with in the present
work is apatite, which generally occurs only as an
accessory. Apatite has a fairly good resistivity to
weathering (Pettijohn 1975). Owing to this
weathering resistance, no phosphate concentration
in excess of the average could he detected in the
well water of the Savo region, though the distance
between well and an apatite mine was less than
two kilometers.
Though the major portion of the phosphate
entering the ground in fertilizers is retained in the
surface layer of the soil, a rise in the phosphate
content has also been perceived in the ground
water of fertilized areas (Hem 1970, Tamm 1974).
Also the findings of the present study indicate that
the phosphate in ground water has come from the
surface of the ground, for the coefficient of correla
tion between the phosphate and the ammonia is
0.4, in addition to which the phosphate content of
wells less than 30 m deep is twice as high as the
mean value obtained for the research material as
a whole.
Chloride and fluoride. Apatite is the most im
portant chloride-bearing mineral contained in plu
tonic and metamorphic rocks. In addition, chlo
rides are likely to occur in micas and hornblende
(Davis and DeWiest 1966, p. 109). The chloride
concentrations in ground waters can, however, be
several hundreds of mg per liter, but such concen
trations are common only in and tracts and areas
exposed to the effects of sea water (Pitjeva et al.
1978, Mandel and Shiftan 1981). As noted in the
present study, sea water affects the chloride con
tent in the district of Vehmaa, where it exceeds
100 mg/l, which is five times above the mean
value.
The chloride concentration in the ground water
of mafic rocks, according to this study, is twice
that of the water contained in felsic plutonic
rocks. The results reported by Lahermo (1970)
are similar, though the concentrations are lower.
According to this study, the chloride concen
tration in bedrock water is only one-third of what
it was found to be in an investigation carried
out some 15 years ago (Laakso 1966). Since the
chloride loading in the ground brought about
by the fertilizers used in agriculture has increased
during the time in question, the chloride loading
subjected to the drilled wells from waste waters
must simultaneously have decreased.
In the present work, highly significant coef
ficients of correlation have been obtained between
chloride and specific conductance, total hardness
and calcium. In addition to the foregoing coef
ficients of correlation, Lahermo (1970, 1971) and
Pitjeva et al. (1978) have arrived at significant
coefficients of correlation for the content of
chloride with that of sodium and sulphate.
The mean fluoride concentration (0.6 mgll) in
bedrock water arrived at in the present work
corresponds to the results reported previously
(Laakso 1966, Lahermo 1971). Accordingly, the
fluoride concentration in bedrock water is on the
average 0.5 mg/1 higher than that in the ground
water contained in Quaternary deposits (cf. Laher
mo 1970, Soveri 1981).
The correlation between a high fluoride con
centration in ground water and rapakivi has been
demonstrated earlier as well (Wäre 1959, Natukka
1963, Laakso 1966, Lahermo 1970, 1971, Soveri
1981). On the basis of the observations calculated
in this study from rapakivi, the average fluoride
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concentration in ground water contained in rapa
kivi is 2.0 mg/l. With respect to other rocks, the
differences between fluoride concentrations are
small, but the highest average concentrations,
however, have been found in the ground water
contained in felsic plutonic rocks (0.6 mg/l), as
also reported by Lahermo (1970).
The fluoride content in bedrock water has been
found to increase along with a rise in the pH value
(Englund and Myhrstrand 1980, Soveri 1981). A
high pH value does not, however, invariably
presuppose a high fluoride content in ground water
(Hem 1970, pp. 178—180). According to the pres
ent work, as the pH of bedrock water rises, 50
also does the fluoride content (Fig. 26).
The fluoride contained in the ground water con
tained in bedrock derives from apatite and fluorite.
Fluorite is generally a dike mineral, but in rapakivi
it also occurs as fiil in hollows. Although apatite
contains phosphorus and fluorine these compo
nents have no correlation whatsoever in bedrock
water in the light of the present study. The coef
ficients of correlation obtained in earlier studies
vary from the value R = 0.42 to the value
R = —0.60 (cf. Rönkä et al. 1980, Soveri 1981).
With respect to the healthful effects of fluoride,
it is known that it improves the durability of the
bones, notably the teeth (Pärkö 1975, Mandel and
Shiftan 1981, p. 187). According to present recom
mendations on fluoride concentrations, the ground
water contained in bedrock is on the average the
best of natural waters from the standpoint of
health.
Ammonia, nitrite, and nitrate. The concentra
tions of nitrogen compounds in ground water
contained in bedrock are on the same order of
magnitude in both the present study and Laakso’s
(1966). In the district of Vehmaa, the ammonia
concentration measured is the same as that reported
by Lahermo (1971) for the bedrock waters in the
Viborg rapakivi area. Though plutonic rocks do
contain small amounts of soluble nitrate and
ammonia, the nitrate contained in natural waters
is for the most part derived from organic com
pounds as well as from industrial and agricultural
chemicals (Davis and DeWiest 1966, p. 110, Hem
1970, p. 182, Mandel and Shiftan 1981, p. 186). The
high ammonia concentration arrived at in the
present work (0.2 mg/l) in the water of wells less
than 30 m deep indicates that the ammonia origi
nates from the surface layers of the ground. Jacks
(1973) has found the amount of total nitrogen to
decrease in bedrock water with increasing depth.
Since ammonia can be bound as complex com
pounds to humus (Hem 1970, p. 183), this explains
the simultaneous occurrence of ammonia and iron
in ground water contained in bedrock (Fig. 27).
The dependence of ammonia on humus is indicated
by the significant coefficients of correlation he
tween the ammonia concentration in bedrock water
and the COD value (R = Q.35**) and iron concen
tration (R = O.43»).
Although, taken on the average, the quality of
ground water contained in bedrock with respect to
the ammonia content is good (97.5 % of the ob
servations), the ammonia bound to humus causes
problems now and then to users of the water on
account of the difficulty of removing it.
The relative concentrations of ammonia and
nitrate also depend on the degree of nitrification
(Appendices 1 and 2).
Color and COD. The average color value
obtained in this work (27 mg/l Pt) is on the same
order of magnitude as in Laakso’s (1966) study.
The high value of the correlation coefficient be
tween color and iron concentration (R = 0.64’’)
indicates that the color of bedrock water is due
mainly to minute particles of iron hydroxide, for
the determinations were made from unfiltered
sampies. Hem (1970) has found that a high ferric
iron content affects the color value, although no
significant coefficient of correlation between them
could be determined.
According to the color values used in the super
vision of the healthful quality of water, the quality
of the ground water contained in bedrock is quite
unflawed in 67 % of the observations made.
The value of the chemical oxygen demand (2.2
mg/l) representing the amount of organic com
pounds in water is on the average only one-half
the corresponding value in Laakso’s (1966) study.
Similarly, the chemical oxygen demand value regis
tered for the bedrock water of the rapakivi area
in the present study is only 40 % of the corres
ponding value arrived at in Lahermo’s (1971)
investigations carried out in the rapakivi area of
Viborg.
The factors of rock and area have no clear effect
on the COD value measured in bedrock water,
although the smallest values are to be found in the
rapakivi area and the highest in the areas of felsic
plutonic rocks and silicic schists.
The factor of topography and the type of land
utilization prevailing in the area affect the COD
value of the water drawn out of a drilled well in
such a way that organic matter is washed away
from cultivated fields in the largest amounts, be
coming concentrated in depressions through sur
face runoff (Table 29).
With respect to the COD value, the quality of
the bedrock water is quite irreproachable in 87 %
of the observations, SO that the resuit is appreciably
46
better than in the correspondig case of color. To
some extent, this difference is explained by the
fact that the factors affecting the color value derive
mainly from the surrounding bedrock, whereas the
compounds causing a rise in the COD value are
borne from the surface of the ground and from the
surficial portions of soil layers.
Copper, zinc, lead, nickel, and cadmium.
According to the present work, the copper con
centration in the ground water contained in mafic
rocks and silicic schists is larger than that in the
water contained in felsic plutonic rocks (Appendix
2). The same resuit has been reported by earlier
researchers (Rönkä et al. 1980). Correspondingiy,
the average copper content of the afore-mentioned
rocks is greater than that of, for exampie, granites
(Salminen 1980). The amounts are so smail, how
ever, that changes in pH alone can cause such
differences if the water pipes happen to be of copper
(Hem 1970, p. 202).
Zinc is the only metal the concentrations of
which in some instances exceed recommended
maxima (Lääkintöhallitus 1980), but also with
respect to zinc 89 % of the observations are
aitogether irreproachable.
Lead is a metal the dissemination of which
through the atmosphere has -begun to be followed
also in Finland (Melanen and Tähtelä 1981). In the
United States, the median value of the lead content
of the water distributed by public waterworks was
3.7 pg/l as early as 1964 (Hem 1970, p. 206).
According to the present study, the differences
between the lead concentrations in bedrock waters
are so slight that no conclusions can be drawn on
their basis. The mean lead concentration is the
same as the figure arrived at in connection with
hydrogeochemical mapping (Lahermo et al. 1979).
The nickel and cadmium concentrations in the
ground water contained in bedrock are also so low
as to preclude the drawing of any conclusions.
Radioactivity. The ground water contained in
bedrock has been found to be on the average more
radioactive than ground water contained in the
overburden (Kahlos and Asjkainen 1973, Asikainen
and Kahlos 1977, Asikainen 1982). In America the
observation has been made that radon, for instance,
has no correlation whatsoever to the elements
contained in water except sodium, to which it
has a slight negative correlation (Brutsaert et al.
1981). Knutsson (1977) has observed that the high
est radon concentrations occur in ground water
discharged from springs of giaciai till. According
to ali the foregoing studies, the highest radioactiv
ity generaily occurs in granitic rocks.
Brutsaert et al. (1981) have observed that the
radon content can increase with depth all the way
down to depths of 50—75 m, after which it remains
just about constant as well as that as the yield
increases the radon content decreases. The high
radon concentrations and gross aipha activity of
granite areas have been found to derive from the
occurrence of uranium (Hyyppä and Juntunen
1977, Asikainen 1981b); but no uranium deposits
occur in the immediate proximity of rapakivi areas,
even though the radon concentration is high.
In the light of present knowledge, the greatest
health hazard iies in the possibiy high radon content
of household water
— and that via the air peopie
breathe (Asikainen and Kahios 1977, Asikainen
1982). Although no ceiling values have been estab
lished for the radon content of water, according to
the lessons learned from experience, when the
radon concentration rises to the level of 40 000—
50 000 pCiIl, the radon content of new wells being
taken into use in the vicinity ought to be investi
gated (cf. Asikainen 1982).
SUMMARY
The data for the present study were collected by
interviewing the drillers and owners of welis
drilled into bedrock. The research materiai as a
whole comprised more than 700 driiled welis.
Water sampies were examined from 400 sites. In
connection with the driliing operations, powder
sampies were taken from the bedrock at 102 differ
ent places; these were examined macroscopicaily,
besides which in the case of 37 samples chemical
analyses and X-ray determinations of the minerals
were carried out. A hydrogeological interpreta
tion based on the study of maps and investigation
of the terrain was made of every observation
site, for which purpose interpretative procedures
and classifications were deveioped. From the stand
point of the utilization of ground water contained
in bedrock and pianning of such utilization, the
present work has yielded the following results:
1. The topographic classification showed that 76 %
of the drilled weils are located on flat ground
(plains), 17 % on elevated ground and 7 % in
depressions in the bedrock. On the basis of the
type of land utilization, 57 % of the observa
tions were made in areas of tilled iand (fields),
26 % in wooded areas and 17 % in densely
settled areas. The average thickness of the over
burden on the observation sites was 3.5 m. The
results of this classification enabled one some
what to interpret the quality of the bedrock
water.
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2. For the estimation of the water conductivity
of the bedrock, a classification of the fracturing
of the bedrock was developed based on the
number of fracture lines in a given area. The
number of fracture lines in the area, being
subjected to interpretation, was rectified by
means of a rectification coefficient derived
from the estimated width of each fracture zone.
In the light of the classification applied in
the interpretation, 25 % of the observations are
located in bedrock in the most fractured
category. Thirty-five per cent of the wells have
been drilled right into a fracture line. The
bedrock is on the average more fractured in the
Savo region than in Middle Finland.
3. On the basis of the examinations of pulverized
rock samples, sufficient information about the
minerais can be gained by visual inspection for
the investigation of the ground water contained
in the bedrock. According to the particle-size
classification of rock powder developed in this
study, the yield of a well is the more abundant,
the coarser the powder. The finer the powder,
the deeper on the average is the well.
4. The average depth of the drilled wells is 60 m.
In the Middle Finland region, the average depth
of the wells is 15 m greater than the mean
value measured for the material as a whole. The
wells drilled in the area of unbroken bedrock
are on the average 34 % deeper than those
drilled into a fracture line. In the areas charac
terized in the classification as having a “low
numerical value of fracturing”, the average
depth of the wells is 39 % greater than in the
areas having a “high numerical value of fractur
ing
5. The arithmetic mean value of the yield of
bedrock wells based on test pumping of short
duration (24 h) is 28.5 m3/d. The best yields on
the average come from wells 41—50 m deep. In
the depth class 61—70 m, the average yield of
the wells is 8 m3/d smaller than in the depth
class 41—50 m.
The average yield of the wells in bedrock
composed of silicic schists proved to be 1 m3/d
larger than that of wells drilled into felsic plu
tonic rocks. This indicates that fracturing of
the bedrock is a more important factor than
the type of rock from the standpoint of the
ground-water flow.
In areas with an overburden over 10 m thick,
the specific yield of the bedrock averages
0.57 m3/d higher than in areas where the thick
ness of the overburden is less than 10 m.
Of the wells drilled during a certain period
by the same drilling firm (Kallioniemi’s data),
2.9 % were completely dry, besides which 1.5 %
were nearly dry, i.e., the yield feil below
0.5 m3/d.
The average consumption of water per well
has been 1.4 m3/d.
6. With respect to the quality of ground water
contained in bedrock, the following findings
can be reported:
The average pH value of the ground water is
6.8. The least acid ground water occurs in the
area with bedrock composed of mafic rocks.
Fifty per cent of the observations yielded pH
values between 6.1 and 7.0, and 39 % pH values
ranging from 7.1 to 9.0.
The average specific conductance value is
28 mS/m. The highest conductance value has
been measured in the district of Vehmaa,
84 mS/m, which is affected by salme sea water.
The average hardness is 4.5° dH, the calcium
amounts to 21.2 mgll, and the magnesium to
6.8 mg/l. The larger the amount of dark mine
rals in the bedrock, the higher are the concen
trations of both calcium and magnesium in
the bedrock water. The highest magnesium
content was recorded in the Savo region, 7.5
mg/1, and the lowest in the Helsinki district,
4.7 mg/l. The Vehmaa area is not included in
the comparisons on account of the influence of
the sea water. In the ground water contained
in bedrock, the coefficient of correlation be
tween the calcium and magnesium concentra
tions is highly significant, and the same is true
of the correlation of the specific conductance
to the calcium and magnesium concentrations.
The average sodium concentration amounts
to 19.9 mgll and the potassium concentration
to 4.9 mgll. The lowest alkali contents were
found in the ground water contained in felsic
plutonic rocks, though the Na+/K+ ratio was
the highest. The highest sodium concentration
was in the district of Vehmaa, owing to the
rapakivi and the mixing of fossil sea water with
the well water.
Highly significant are the coefficients of
correlation between the sodium content and the
specific conductance, and the chloride and
sulphate concentrations.
The average silica concentration is 18.1 mgll.
In the Savo and Middle Finland regions, the
silica concentrations are from 4 to 7 mg/1 higher
than in the other areas investigated.
The average iron concentration is 0.98 mg/l
and the manganese concentration 0.24 mg/1. In
the area of silicic schists, the iron concentra
tion in the ground water is 1.4 mg/I, whereas iii
the areas of felsic plutonic rocks and mafic
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rocks it is only 0.7—0.6 mg/l.
The density and thickness of the deposits
overlying the bedrock increase the iron content
of bedrock water.
According to the classifications of the quality
of water applied in this work, the iron and
manganese concentrations in bedrock water are
proportionately divided among the observation
sites as follows:
Fe Mn Fe and Mn
Good 60% 54% 43%
Fair 19% 36% 32%
Poor 21% 10% 25%
There is a highly significant coefficient of
correlation between the iron content and the
color value.
The sulphate content has a highly significant
coefficient of correlation with the chloride
content and the specific conductance.
The average phosphate concentration is 0.3
mg/l and the phosphate concentration in wells
less than 30 m deep is 0.6 mg/l. Hence the
main part of the phosphate contained in bed
rock water derives from the surface of the
ground.
The average chloride concentration is 20.8
mg/l. The amount of chloride in the ground
water contained in mafic rocks is double that
in the water contained in felsic plutonic rocks.
The chloride content of the ground water in the
control area amounts to no more than 9 mg/1.
There is a highly significant coefficient of
correlation between the chloride content and
the specific conductance.
The average fluoride concentration is 0.6
mg/l. The highest fluoride concentration is in
the Vehmaa district (1.5 mg/l). By groups of
rocks, the concentration increases in the order:
silicic schists (0.4 mg/1) — mafic rocks (0.5
mg/1) — felsic plutonic rocks (0.6 mg/l) — rapa
kivi (2.0 mg/l). The observations are divided
proportionately into fluoride concentrations as
follows:
Fluoride concentration
(mg/1) (%)
< 1.5 91.5
1.5—3.0
> 3.0 0.3
The average concentrations of nitrogen com
pounds are as follows: ammonia 0.06 mg/l,
nitrite 0.01 mg/1 and nitrate 1.5 mg/l.
The nitrate content of the bedrock water in
the control area is larger than that of the other
areas. The ammonia concentration in the water
of wells less than 30 m deep is three times
higher than the mean value calculated from the
material as a whole. Accordingly, the nitrogen
compounds contained in bedrock water must
originate on the surface of the ground.
With respect to the ammonia content, the
quality of the ground water contained in bed
rock is good in 97.5 % of the observations.
The average color value is 27 mg/1 Pt. The
high color value of the bedrock water in the
rapakivi area (113 mg/l Pt) is due to the high
iron content in the water.
The average COD value is 2.2 mg/l. The
highest COD values were registered in depressed
parts of cultivated farm lands. The observa
tions are divided as follows:
3.75—7.5 9
>7.5 4
The average copper concentration in the bed
rock waters is 31 pg/l, the zinc concentration
390 pg/l, the cadmium 0.3 pg/l, the lead 1.5 pg/l,
and the nickel 1.8 pg/l.
Only with respect to the zinc are the re
commended maximum concentrations exceeded:
Zn (pg/l) (%)
<1000
1000—3000
> 3000
The mean values representing the radioactiv
ity in the ground water contained in bedrock
are:
222Rn activity = 16 200 pCi/1
226Ra activity = 0.8 pCiIl
Gross alpha activity = 16.7 pCi/l
The highest average radon concentrations
occur in the Helsinki (46 800 pCi/l) and Veh
maa (29 600 pCi!!) districts. This study supports
the results in general of previous investiga
tions showing the higher than average radon
content of the ground water in areas dominated
by felsic plutonic rocks.
7. The need for hydrogeological investigations to
site drilled wells is demonstrated by, for in
stance, the following considerations:
— Simply by means of map interpretation, it is
possible to situate drilled wells in fracture
COD (mgll)
<3.75
(%)
87
Good
Fair
Poor
89
8
3
8.2
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lines of the bedrock. In connection with
iarge-scale projects (involving densely popu
iated areas), it would he economically worth
while to apply the methods of geophysical
research.
— As welis driiied into fracture lines are nearly
35 % shallower than weils drilled into un
broken bedrock, savings in drilling costs
amounting to between 7 and 8.5 million
markkas a year can be achieved.
—
The ground water contained in bedrock
frequently offers a practical alternative to
other sources with respect to both quaiity
and quantity — especiaily in sparseiy settied
areas. Making an inventory of bedrock water
resources would therefore serve, along with
concomitant investigations, the planning of
water supply in a significant way.
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Esa Rönkä
LOPPUTIIVISTELMÄ
Suomen kallioperään porataan vuosittain arviolta
3 000—4 000 porakaivoa. Kun kaivojen keskisyvyys
on n. 60 m, porataan pelkästään veden ottamista
varten reikää kallioon yhteensä 180—240 km, josta
kustannukset kuluttaj ille ovat suuruusluokkaa
20—25 milj. mk. Eräitä poikkeuksia lukuunotta
matta kaivot on sijoitettu kulutuspisteiden lähei
syyteen ottamatta huomioon hyvin vettäjohtavia
kallioperän ryhjevyöhykkeitä. Kaivojen rakentarnis
kustannusten pienentämiseksi ja vedensaannin pa
rantamiseksi on tässä tutkimuksessa pyritty ke
hittämään yksinkertaisia karttarulkintamenetel
miä kallioperän vertäjohtavien ruhjevyöhykkei
den paikallistamiseksi.
Tutkimuksessa koottiin lähtötiedot kalliokaivo
jen poraajilta ja omistajilta. Koko aineisto käsitti
runsaat 700 kalliokaivoa. Kuvassa 1 esitetyistä nel
jästä tutkimusalueesta Keski-Suomen ja Savon
alueet sisältävät valtaosan havaintomäärästä. Vesi
näytteet tutkittiin 400 kohteessa. Kaivon porauk
sen yhteydessä otettiin kivijauhenäyte kailioperäs
tä 102 eri kohteesta. Näytteet tutkittiin visuaali
sesti ja lisäksi 37 näytteestä oli tehty aikaisemmin
kemialliset analyysit ja röntgendiffraktiomäärityk
set mineraaleista. Jokaisesta havaintokohteesta teh
tiin kartta- ja maastotarkasteluihin perustuva hyd
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rogeologinen tulkinta, jota varten kehitettiin tul
kintatapoja ja luokituksia. Kalliopohjaveden käy
tön ja käytön suunnittelun kannalta tutkimus on
tuottanut seuraavat tulokset:
1. Topografisen luokituksen mukaan kalliokaivois
ta sijaitsi tasanteilla 76 %, kohoumilla 17 % ja
kalliopainanteissa 7 %. Maankäyttömuodon pe
rusteella havainnoista sijaitsi 57 % peltoalueella,
26 % metsäalueella ja 17 % tiheään asutulla
alueella. Maapeitteen keskipaksuus havainto
kohteissa oli 3,5 m. Luokitusten tuloksilla pys
tyttiin hiukan tulkitsemaan kalliopohjaveden
laatua.
2. Kallioperän vedenjohtavuuden arviointia varten
kehitettiin ruhjeiden lukumäärään perustuva
kallion rikkonaisuuden luokittelu. Tulkittavan
alueen ruhjeiden lukumäärä korjattiin ruhjelaak
son leveydestä johdetulla korjauskertoimella.
Tulkinnassa käytetyn luokituksen mukaan
havainnoista sijaitsi 25 % rikkonaisimman luo
kan kallioperässä. Itse ruhjeessa oli 35 % kai
voista. Kallioperä oli keskimäärin rikkonaisem
paa Savon alueella verrattuna Keski-Suomen
alueeseen.
3. Kivijauhenäytteiden tutkimusten mukaan vi
suaalisella tarkastelulla saadaan riittävä tieto
mineraaleista kalliopohjavesiselvityksiä varten.
Tutkimuksessa kehitetyn jauheen rakeisuusluo
kituksen mukaan kaivon vedenantoisuus on sitä
suurempi, mitä karkearakeisempaa on jauhe.
Jauheen hienontuessa kasvaa keskimääräinen
kaivojen syvyys.
4. Kalliokaivojen keskimääräinen syvyys oli 60 m.
Keski-Suomen alueen kaivojen keskisyvyys oli
15 m suurempi kuin koko aineiston keskiarvo.
Ehjän kallioperän alueelle poratut kaivot olivat
keskimäärin 34 % syvempiä kuin ruhjeeseen po
ratut. Tutkimuksessa käytetyn kallioperän nk
konaisuusluokituksen “vähän ruhjeita” sisältä
vällä alueella kaivojen keskisyvyys oli 39 %
suurempi verrattuna keskisyvyyteen “paljon
ruhjeita” sisältävällä alueella.
5. Lyhytaikaiseen koepumppaukseen (24 h) perus
tuva kalliokaivojen antoisuuden aritmeettinen
keskiarvo oli 28,5 m3/d. Keskimäärin parhaat
antoisuudet olivat kaivoissa, joiden syvyydet
olivat 41—50 m. Syvyysluokassa 61—70 m kai
vojen keskimääräinen antoisuus oli 8 m3/d pie
nempi kuin syvyysluokassa 41—50 m.
Piihappopitoisissa liuskeissa olevien kaivojen
keskimääräinen antoisuus oli 1 m5/d korkeampi
kuin felsisten syväkivien kallioperässä olevien
kaivojen. Tämä viittaa siihen, että kallioperän
rikkonaisuus on kivilajia tärkeämpi tekijä poh
javeden virtauksen kannalta.
Yli 10 m paksun maapeitteen alueella kallio-
perän ominaisantoisuus oli keskimäärin 0,57
m3/dm korkeampi kuin alueella, jossa maapeit
teen paksuus oli alle 10 m.
Saman porausliikkeen (Kallioniemen aineisto)
tiettynä ajanjaksona poraamista kaivoista täysin
kuivia oli 2,9 % sekä lisäksi lähes kuivia, eli
antoisuus alle 0,5 m3/d, 1,5 %.
Keskimääräinen vedenotto kaivoa kohden oli
1,4 m3/d.
6. Kalliopohjaveden laadusta todettiin seuraavaa:
Pohjaveden keskimääräinen pH-arvo oli 6,8.
Vähiten hapanta pohjavesi oli mafisten kivien
alueella. Havainnoista 50 % oli happamuudel
taan 6,1—7,0 ja 39 % vastaavasti 7,1—9,0.
Keskimääräinen johtokyvyn arvo oli 28 mS/m.
Korkein johtokykyarvo oli Vehmaan alueella
(84 mS/m), johon vaikuttaa suolainen merivesi.
Keskimääräinen kovuus oli 4,5° dH, kalsium
pitoisuus 21,2 mg/l ja magnesiumpitoisuus 6,8
mg/l. Mitä enemmän kallioperässä on tummia
mineraaleja, sitä korkeampia ovat kalliopohja
veden sekä kalsium- että magnesiumpitoisuudet.
Korkein magnesiumpitoisuus oli Savon alueella,
7,6 mg/l ja alhaisin pitoisuus Helsingin alueella
4,7 mg/l. Vehmaan alue ei ollut mukana vertai
lussa meriveden vaikutuksen vuoksi. Kalliopoh
javedessä oli erittäin merkitsevä korrelaatioker
roin kalsium- ja magnesiumpitoisuuksien kesken
sekä johtokyvyn suhteessa kalsium- ja magne
siumpitoisuuksiin.
Keskimääräinen natriumpitoisuus oli 19,9
mg/l ja kaliumpitoisuus 4,9 mg/l. Alhaisimmat
alkalipitoisuudet olivat felsisten syväkivien poh
javesissä, vaikka Na/K oli korkein. Korkein
natriumpitoisuus oli Vehmaan alueella johtuen
rapakivestä ja fossiilisen meriveden sekoittumi
sesta kaivoista otettavaan veteen.
Erittäin merkitsevät korrelaatiokertoimet oli
vat natriumpitoisuuden suhteessa johtokykyyn,
klonidi- ja sulfaattipitoisuuteen.
Keskimääräinen piihappopitoisuus oli 18,1
mg/l. Savon ja Keski-Suomen alueilla piihappo
pitoisuudet olivat 4—7 mg/l korkeammat mui
hin alueisiin verrattuna.
Keskimääräinen rautapitoisuus oli 0,98 mg/l
ja mangaanipitoisuus 0,24 mg/l. Piihappopitois
ten luiskeiden alueella pohjaveden rautapitoi
suus oli 1,4 mg/l, kun se sitä vastoin felsisten
syväkivien ja mafisten kivien alueella oli vain
0,7—0,6 mg/l.
Kallion päällä olevan maapeitteen tiiviys ja
paksuus lisäävät kalliopohjaveden rautapitoi
suutta.
Tässä tutkimuksessa käytettyjen vedenlaatu
luokitusten mukaan kalliopohjaveden rauta- ja
mangaanipitoisuudet jakaantuivat prosentuaali
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Rautapitoisuuden ja väriarvon välinen korre—
laatiokerroin on erittäin merkitsevä.
Sulfaattipitoisuudella on erittäin merkitsevä
korrelaatiokerroin kloridipitoisuuden ja johto
kyvyn suhteen.
Keskimääräinen fosfaattipitoisuus oli 0,3 mg/l
ja alle 30 m syvien kaivojen fosfaattipitoisuus
oli 0,6 mg/l. Näin ollen pääosa kalliopohja
veden fosfaatista on peräisin maanpinnalta.
Keskimääräinen kloridipitoisuus oli 20,8 mg/l.
Mafisten kivien pohjaveden kloridipitoisuus oli
kaksinkertainen verrattuna felsisten syväkivien
pohjaveteen. Vertailualueen pohjaveden kloridi
pitoisuus oli vain 9 mg/l.
Kloridipitoisuuden ja johtokyvyn välillä on
erittäin merkitsevä korrelaatiokerroin.
Keskimääräinen fluoridipitoisuus oli 0,6 mgIl.
Korkein fluoridipitoisuus oli Vehmaan alueella
(1,5 mg/l). Kivilajiryhmittäin pitoisuus kasvoi
järjestyksessä piihappopitoiset liuskeet (0,4
mgll), mafiset kivet (0,5 mg/l), felsiset syväki
vet (0,6 mgll) ja rapakivi (2,0 mg/l). Havainnot
jakaantuivat prosenttisesti eri fluoridipitoisuuk
sun seuraavasti:
fluoridipitoisuus
(mg/l) (%)
< 1,5 91,5
1,5—3,0
> 3,0
Keskimääräiset typpiyhdisteiden pitoisuudet
olivat seuraavat: ammonium 0,06 mgll, nitriit
ti 0,01 mg/l ja nitraatti 1,5 mg/l.
Vertailualueen kalliopohjaveden nitraattipi
toisuus oli korkeampi kuin muiden alueiden.
Alle 30 m syvien kaivojen ammoniumpitoisuus
oli kolme kertaa korkeampi kuin koko aineis
tosta laskettu keskiarvo. Näin ollen kalliopoh
javeden typpiyhdisteet ovat peräisin maan pin
nalta.
Ammoniumin määrän suhteen kalliopohjave
den laatu oli hyvää 97,5 % havainnoista.
Keskimääräinen väriarvo oli 27 mg/l Pt. Ra
pakivialueen kalliopohjaveden korkea väriarvo
(113 mg/l Pt) johtuu pohjaveden suuresta rauta
pitoisuudesta.
Keskimääräinen kemiallisen hapen kulutuk
sen (COD) arvo oli 2,2 mg/l. Korkeimmat ke
mialliset hapenkulutusarvot olivat peltoalueiden
painanteissa. Havainnot jakaantuivat kemiallisen
hapenkulutusarvon suhteen seuraavasti:
COD (mg/l)
<3,75
3,75—7,5 9
>7,5 4
Kalliopohjaveden keskimääräinen kuparipitoi
suus oli 31 pg/l, sinkkipitoisuus 390 pg/l,
kadmiumpitoisuus 0,3 pg/l, lyijypitoisuus 1,5
pg/l ja nikkelipitoisuus 1,8 pgll.
Näistä vain sinkin suhteen ylitettiin suositel
tuja enimmäispitoisuuksia seuraavasti.
laatu Zn (pgll) (%)
hyvä < 1000 89
tyydyttävä 1000—3000 8
huono > 3000 3
Kalliopohjaveden radioaktiivisuutta kuvaavat
keskiarvot olivat seuraavat:
222Rn aktiivisuus = 16 200 pCi/l
226Ra aktiivisuus = 0,8 pCi/l
kokonais-a-aktiivisuus = 16,7 pCi/l
Korkeimmat keskimääräiset radonpitoisuudet
olivat Helsingin (46 800 pCi/l) ja Vehmaan
alueilla (29 600 pCiIl). Tutkimus vahvistaa ai
kaisempia tuloksia yleensä felsisten syväkivien
kalliopohjaveden keskimääräistä korkeammasta
radonpitoisuudesta.
7. Porakaivojen sijoittamista varten tehtävien hyd
rogeologisten tutkimusten tarpeellisuutta osoit
tavat mm. seuraavat seikat:
— Pelkästään karttatulkintaa käyttäen pysty
tään sijoittamaan porakaivoja vettäjohtaviin
kallioperän ruhjevyöhykkeisiin. Suurempien
(taajamien) hankkeiden yhteydessä on talou
dellisesti kannattavaa käyttää myös geofysi
kaalisia tutkimusmenetelmiä.
—
Koska ruhjeeseen poratut kaivot ovat lähes
35 % matalampia verrattuna ehjään kallioon
porattuihin kaivoihin, merkitsee tämä 7—
8,5 miljoonan markan säästöä vuotuisiin po
rauskustannuksiin.
—
Kallioperän pohjavesi on sekä laadun että
määrän suhteen usein käyttökelpoinen vaih
toehto etenkin haja-asutuksen vedenhankin
nassa, joten mm. kalliopohjavesivarojen in
ventointi tarvittavine tutkimuksineen pal
velisi merkityksellisesti vedenhankinnan
suunnittelua.
sesti havaintojen mukaan:
laatu
hyvä
tyydyttävä
huono
Fe Mn
60 % 54 %
19 % 36 %
21 % 10 %
Fe ja Mn
43 %
32%
25 %
(%)
87
8,2
0,3
52
REFERENCES
Aario, R. & Castren, V. 1969. The northern discharge
channel of ancient Päijänne and the paleohydrology
of the Atlantic period. Buil. Geol. Soc. Finland 4L
3—20.
Allen, M.J. & Morrison, S.M. 1973. Bacterial movement
through fractured bedrock. Ground Water 11, 2:
6—10.
Annanmäki, M. & Kahlos, H. 1978. Radonmittaukset
Suomen kaivoissa 1. Radonin ja sen hajoamistuottei
den mittausmeneteirnät. Institute of Radiation Pro
tection, STL-B15.
Asikainen, M. 1981a. State of disequilibrium between
238U, 234u, 226Ra and 222Rn in groundwater from
bedrock. Geochimica et Cosmochimica Acta 45:
201—206.
Asikainen, M. 1981b. Radium content and 226Ra/8
activity ratio in groundwater from bedrock. Geochi
mica et Cosmochimica Acta 45:1375—1381.
Asikainen, M. 1982. Natural radioactivity of ground
water and drinking water in Finland. 65 p. Institute
of Radiation Protection, STL-A39.
Asikainen, M. & Kahlos, H. 1977. Pohja- ja pintavesien
luonnollinen radioaktiivisuus Suomessa. Summary:
Natural radioactivity of ground and surface water in
Finland. 32 p. Institute of Radiation Protection,
STL-A24.
Asikainen, M. & Kahlos, H. 1979. Anomalously high
concentrations of uranium, radium and radon in water
from drilled wells in the Helsinki region. Geochimica
et Cosmochirnica Acta 43:1681—1686.
Autio, M. 1978. Hannukaisen alueen pohjavesiolosuhteet
ja niiden huomioonottaminen kaivossuunnittelussa. 88
p. Tampere. Tampereen teknillinen korkeakoulu, ra
kennustekniikan osasto, rakennusgeologia. Raportti 4.
Ayranci, B. 1977. The major-, minor-, and trace-element
analysis of silicate rocks and minerals from a single
sample solution. Schweiz. mineral. petrogr. Mitt.
57: 299—312.
Bergman, G. 1972. Bestämning av infiltrations koeffi
cienter för bergytor och perkolationsbanor i jord
lager. Stockholm Univ., Kvartärgeol. Inst. Stockholm.
Bernas, B. 1967. A new method for decomposition and
comprehensive analysis of silicates by atomic adsorp
tion spectrometry. Anal. Chem. 40:1982—1686.
Brown, R.H., Konoplyantsev, A.A., Ineson, J. & Kova
levsky, V.S. (editors). 1977. Ground-water studies:
Analytical and investigational techniques for fissured
and fractured rocks. The Unesco Press. Paris.
Brutsaert, W.F., Norton, S.A., Hess, C.T. & Williams,
J.S. 1981. Geologic and hydrologic factors controhing
Radon-222 in ground water in Maine. Ground Water
19,4: 407—417.
Bryn, K.ø. 1961. Grunnvann øst for Oslo-feltet. NGU
213, Årebok 1960, Oslo 5—19.
Carlsson, A. 1979. Characteristic features of a super
ficial rock mass, Southern Central Sweden
— Hori
zontal and subhorizontal fractures and filling material.
Striae 11,79 p. Uppsala.
Carlsson, A. & Olsson, T. 1977a. Water leakage in the
Forsmark Tunnel, Uppland, Sweden. 45 p. Reprint
from Sveriges Geologiska Undersökning, Serie C
734.
Carlsson, A. & Olsson, T. 1977b. Hydraulic properties
of Swedish crystalline rocks. Reprint from The
Bulletin of the Geological Institutions of the Uni
versity of Uppsala, N.S. 7,71—84.
Carlsson, L. & Carlstedt, A. 1977. Estimation of trans
missivity and permeability in Swedish bedrock.
Nordic Hydrology 8,2: 103—116.
Castrfn, 0., Asikainen, M., Annanmäki, M. & Sten
strand K. 1977. High natural radioactivity of bored
wells as a radiation hygienic problem in Finland.
International Radiation Protection Association. Pro
ceedings Paris. P. 1033—1036.
Davis, S.N. & DeWiest R. 1966. Hydrogeology. 463 p.
New York.
Davis, S.N. & Turk, L.J. 1964. Optimum depth of wells
in crystalline rocks. Ground Water 2,2: 6—11.
Englund, J.L. & Myhrstad, J.A. 1980. Groundwater
chemistry of some selected areas in Southeastern
Norway. Nordic Hydrology 11,33—54.
Ericsson, L.O. 1981. Grundvattenprospektering i skär
gårdslandskapet från praktisk synvinkel. Abstract:
Groundwater prospectering in the Swedish Archipel
ago from a practical point of view. Vatten 4:
328—339.
Erkomaa, K. & Mäkinen, 1. 1975. Vesihallinnon vesitut
kimuksissa käytettävistä analyysimenetelmistä. 41 p.
Helsinki. National Board of Waters, Finland. Report
85.
Eskola, P. 1928. On Rapakivi rocks from the bottom of
the Gulf of Bothnia. Fennia 50,27: 1—29.
Everett, L.G. 1980. Groundwater monitoring. General
Electric Company, USA. 440 p.
Gustafsson, Y. 1968. The influence of topography on
ground water formation. Ground water problems.
Proceedings of the international symposium held in
Stockholm, October. Oxford. 3—19.
Haapala, 1. 1977. Petrography and geochemistry of the
Eurajoki stock, rapakivi-granite complex with greisen
type mineralization in south-western Finland. 128 p.
Geol. Surv. Finland, Bull. 286.
Hartikainen, H. 1976. Maa- ja kallioperän vaikutus poh
javeden kemialliseen koostumukseen. Ympäristö ja
terveys 7,9—10: 895—904.
Heino, R. 1977. Ilmasto-oloista Suomessa 1961—1975
verrattuna normaalikauteen 1931—1960. Abstract: On
climatic conditions in Finland 1961—1975 compared
to the normal period 1931—1960. Ilmatieteen laitok
sen tiedonantoja 33.
Hem, J.D. 1970. Study and interpretation of the chemical
characteristics of natural water. 363 p. Washington,
Geological Survey Water-Supply Paper 1473.
Henriksen, A. & Kirkhusmo, L.A. 1982. Acidification of
ground water in Norway. Nordic Hydrology 13:
183—192.
Hordon, R.M. 1980. Areal estimates of ground water
yield for bedrock formations. 26th Int. Geol. Cong.,
Paris. Vol. III. Abstrsct.
Hyyppä, E. 1950. Helsingfors omgivningar. Beskrivning
till jordartskarta. 53 p. Helsinki. Geologiska forsk
ningsanstalten.
53
Hyyppä, J. 1963. Eurassa kallioperään poratun syväkai
von suolaisen veden koostumuksesta. Geologi 6: 61—
63.
Hyyppä, J. 1973. Maamme pohjavesien geokemiasta.
Summary: On Finnish groundwater geochemistry.
Papers of the Engineering-Geological Society of
Fin1and, 60:1—3.
Hyyppä, J. & Juntunen, R. 1977. Tiedonanto Askolan ja
Porvoon mlk:n pohjavesien radon- ja uraanipitoisuuk
sista. Geologi 3: 40—42.
Härme, M. 1978. Suomen geologinen kartta 1:100000,
2043 Kerava, 2044 Riihimäki, kallioperäkartan seli
tykset. Summary: Precambrian rocks of the Kerava
and Riihimäki mapsheet areas. 51 p. Espoo. Geologi
nen tutkimuslaitos.
Jacks, G. 1973. Geokemiska synpunkter på fluorid i
grundvatten. Swedish Dental J. 66,2: 211—215.
Kahlos, H. & Asikainen, M. 1973. Natural radioactivity
of ground water in the Helsinki area. 56 p. Institute
of Radiation Physics, Report SFL-A19.
Kanerva, 1. 1928. crber das Rapakivigebiet von Vehmaa
in siidwestlichen Finnland. Fennia 50,40: 1—25.
Kauranne, K. 1970a. On the abrasion and impact strength
of gravel and rocks in Finland. 61 p. Buil. Comm.
gol. Finlande 243.
Kauranne, L.K. 1970b. Comparison of some methods
used in the testing of road surfacing aggregates.
67 p. Otaniemi. Valtion teknillinen tutkimuslaitos,
Tielaboratorio. Tiedonanto 3.
Kauranne, L.K., Gardemeister, R., Korpela, K. & Mälk
ki, E. 1972. Rakennusgeologia II. 530 p. Teknillisen
korkeakoulun ylioppilaskunta. Moniste 304.
Knutsson, G. 1977. Radon content in various types of
ground water in south-eastern Sweden: A preliminary
report. Striae 4,55—59.
Korhonen, K-H. & Gardemeister, R. 1971. Maalajien kai
vuluokitus. 112 p. Valtion teknillinen tutkimuskes
kus, Geoteknillinen laboratorio. Tiedonanto 1.
Korhonen, K-H., Gardemeister, R., Jääskeläinen, 1-1.,
Niin H. & Vähäsarja, P. 1974. Rakennusalan kallio
luokitus. 78 p. Valtion teknillinen tutkimuskeskus,
Geoteknillinen laboratorio. Tiedonanto 12.
Kutseva, P.P. & Konovalov, G.S. 1976. Dependence of
the chemical composition of ground waters in the
Northern Caucasus on the composition of enclosing
rocks. Soviet hydrology: Selected Papers J 2:
152—159.
Laakso, M., 1966. Kalliokaivojen veden laatu ja antoisuus.
86 p. Maataloushallituksen insinööriosasto, maa- ja
vesiteknillinen tutkimustoimisto. Tiedotus 2.
Lahermo, P. 1970. Chemical geology of ground and
surface waters in Finnish Lapland. 106 p. BulI.
Comm. gol. Finlande 242.
Lahermo, P. 1971. On the hydrogeology of the coastal
region of southeastern Finland. 44 p. Geol. Surv.
Finland, BulI. 252.
Lahermo, P., Ilmasti, M. & Juntunen, R. 1979. Geologi
sella tutkimuslaitoksella aloitettu alueellinen hydro
geokemiallinen tutkimus. Summary: Regional hydro
geochemical research into ground water at the Geo
logical Survey of Finland. Vesitalous 5: 9—14.
Larsson, 1., Flexer, A. & Rosen, B. 1977. Effects on
ground water caused by exavation of rock store
caverns. Engineering Geology 11. Amsterdam. p.
279—294.
Larsson, 1., Lundgren, T. & Gustafsson, Y. 1972. Ground
water investigation in gneissian rock, systematic
study of small area. Nordic Hydrology 3:130—139.
LeGrand, H.E. 1958. Chemical character of water in the
igneous and metamorphic rocks of North Carolina.
Economic Geology53, 178—189.
Lindblom, U. 1980. Kan vi lita på urberget? 59 p.
Falköping.
Lloyd, J.W. (ed.) 1981. Case-studies in groundwater
resources evaluation. 206 p. Oxford.
Lokka, L. 1950. Chemical analyses of Finnish rocks.
75 p. Buil. Comm. gfol. Finlande 151.
Lääkintöhallitus (National Board of Health in Finland)
1980. Talousveden terveydellisen laadun valvonta.
18 p. Lääkintöhallituksen yleiskirje 1701.
Mandel, 5. & Shiftan, Z.L. 1981. Groundwater resources
investigation and development. 269 p. Water Pollu
tion, A Series of Monographs.
Marcher, M.V. 1971. Reconnaissance of ground-water
supplies from bedrock in the Metlakatla Peninsula,
Annette Island, Alaska. U.S. Geol. Survey. Prof.
Paper 750—D: 198—201.
Marine, J.W. 1981. Comparison of laboratory, in situ
and rock mass measurements of the hydraulic
conductivity of metamorphic rock at the Savannah
River Plant near Aiken, South Garolina. Water
Resources Research 17,3: 637—640.
Marmo, V. 1963. Suomen geologinen kartta 1:100 000,
lehti 2232, Keuruu, kallioperäkartan selitys (Explana
tion to the map of rocks). Geologinen tutkimuslai
tos. 54 p. Helsinki.
Marmo, V. 1965. Suomen geologinen kartta 1:100 000,
lehti 2214, Virrat, kallioperäkartan selitys (Explana
tion to the map of rocks). Geologinen tutkimuslai
tos. 61 p. Otaniemi.
Marttila, E. 1976. Evolution of the Precambrian volcanic
complex in the Kiuruvesi area, Finland. 109 p. Geol.
Surv. Finland. BuIl. 283.
Matisto, A. 1961. Suomen geologinen kartta 1:100 000,
lehti 2213, Kuru, kallioperäkartan selitys (Explana
tion to the map of rocks). Geologinen tutkimuslai
tos. 39 p. Helsinki.
Meier, 0. & Petersson, S.G. 1951. Water supplies in the
Archaean bedrocks of Sweden. Report submitted to
the 9th General Assembley of the International
Union of Geology and Geophysics, Brussels. P. 224—
226.
Melanen, M. & Tähtelä, H. 1981. Particle deposition in
urban areas. Publications of the Water Research
Institute 42: 41—122.
Miettinen, J., Stålhandske, K., Niin H., Salmi, M., Lök
sy, M. & Lumiaho, K. 1978. Bore-hole experiments
with radioactive tracers: Flow of water and transfer
of actinides in fractured granite/gneiss rock. Geol.
Surv. of Finland, Nuclear Waste Disposal Study
Group. Communication 5.
-
Mikkola, A. & Niin H. 1968. Structural position of ore
bearing areas in Finland. BuIl. Geol. Soc. Finland 40:
17—33.
54
Morfeldt, C.O. 1972. Drainage probiem in connection
with tunnel construction in Precambrian granitic
bedrock (in Sweden). Symposium Percolation Through
Fissured Rock, Stuttgard. 9 p.
Mustonen, 5. 1963. Meteorologisten ja aluetekijöiden vai
kutuksesta valuntaan. Helsinki. Maa- ja vesiteknilli
siä tutkimuksia 12.
Möllern, C-F. 1979. Grundvattenprospektering med
radiovågor
— WLF
— och RAMA-mätningar. Vannet
i Norden 1.
Miillern, C-F. & Eriksson, L. 1979. VLF-mätningar för
prospektering efter grundvatten i berg. 21 p. Uppsala.
STU-raport 78—3694. -
Natukka, A. 1955. Kallioon poratuista syväkaivoista.
Geologi 7: 48—52.
Natukka, A. 1963. Harjujemme pohjavesien laadusta. Ve
sitalous 1: 20—23.
Nimi, H. 1968. A Study of rock fracturing in valleys of
Precambrian bedrock. Fennia 97, 6. Also: Papers of
the Engineering-Geological Society of Finland 3,26.
Niin H. 1973. Stratigrafisia ja morfologisia selvityksiä
Etelä-Suomen maapeitteisisrä laaksoista. Abstract:
Stratigraphic and morphologic studies on sediment
covered valley bottoms in southern Finland. Terra
85: 4: 217—224. Also: Papers of the Engineering
Geological Society of Finland 10,70.
Niin H. 1976. Kallio rakennuskohteena. Maa- ja Kallio-
rakennus. Helsinki. 212—221. RIL 98.
Niin H. 1977. Kallioperässä oleva pohjavesi. Summary:
Ground water in the bedrock. Vesitalous 6: 22—25.
Also: Papers of the Engineering-Geological Society of
Finland 11, 84.
Niin H. & Ekholm, M. 1976. Ground-water damage in
connection with tunnelling indicated by physiographic
and fracture-porosity measurements. Papers of the
Engineering-Geological Society of Finland 10,74. 8 p.
Niin H., Rönkä, E. & Uusinoka, R. 1972. Application
of geomorphologic and photogeologic measurements
in rock excavation planning in Finland. 24th Int.
Geol. Cong., Section 13, Montreal. P. 191—196.
Niin H. & Salmi, M. 1979. Korkea-aktiivisen ydinjät
teen loppusijoitusmahdollisuuksista Suomessa. Geo
loginen tutkimuslaitos, ydinjätteiden sijoitustutki
musten projektiryhmä. Tiedonanto 7.
Niin H., Salmi, M. & Lumiaho, K. 1979a. Kalliopohja
veden merkitys ydinjätteiden kallioonsijoitusmahdol
lisuuksien tarkastelussa. Geologinen tutkimuslaitos,
ydinjätteiden sijoitustutkimusten projektiryhmä. Tie
donanto 11.
Niin H., Salmi, M. & Lumiaho, K. 1979b. Geologiset
kartta- ja kartoitusselvitykset ydinjätteiden sijoitus
tutkimuksissa. Geologinen tutkimuslaitos, ydinjättei
den sijoitustutkimusten projektiryhmä. Tiedonanto
12.
Okko, V. 1964. Maaperä. Rankama, K. (ed.). Suomen
geologia. P. 239—376.
Olsson, T. 1979. Hydraulic properties and groundwater
balance in a soil-rock aquifer system in the Juktan
area, Northern Sweden, Striae 12, Societas Upsaliensis
Pro Geologia Quaternaria, Uppsala.
Penttilä, E. 1963. Sme remarks on earthquakes in Fin
land. Symposium on recent crustal movements in
Finland with bibliography. Fennia 89,1: 25—28.
Pettijohn, F.J. 1975. Sedimentary rocks. 3rd ed. 628 p.
New York.
Pietikäinen, 5., Niemelä, Å., Tulkki, P. & Aurimaa, K.
1978. Mean values and trends of physical and chemical
properties in the Gulf of Bothnia 1962—1975.
Finnish Marine Research 244: 64—75.
Pitjeva, K.E., Orlov, M.S., Alshinsky, J.S. & Kovalevs
kaja, S.S. 1978. The role of rocks in the formation
of a chemical composition of underground water.
Geological Institute and the Polish National Commit
tee of International Association of Hydrogeologists.
Hydrogeochemistry of mineralized waters. Interna
tional symposium, Cieplice spa, Poland, 3lst May
3rd June 1978. Warsaw. P. 84—89.
Puustinen, K. 1971. Geology of the Siilinjärvi carbonatite
complex, Eastern Finland. 43 p. Bull. Comm. gf01.
Finlande. 249.
Pärkö, A. 1975. Dental caries in the rapakivi granite and
olivine diabase areas of Laitila, Finland. Proceedings
of the Finnish Dental Society 81, Suppl. 1.
Pönkkä, L. 1981. Suomen eteläpuoliskon glasifluviaaliset
muodostumat pohjavesiesiintyminä. Summary: Gla
ciofluvial formations in southern Finland as sources
of groundwater. 44 p. Lahti.
Rankama, K. & Sahama, Th. G. 1950. Geochemistry. The
University of Chicago Press. 912 p.
Rautavuoma, M. 1967. Kalliokaivon paikan valinta geo
logisten päätelmien avulla. Rakennusteollisuus 4: 7.
Rönkkö, K. 1968. Glacial deposits and erosion in bedrock
valleys at tunnel line Päijänne—Helsinki. Finnish
licentiate thesis, Dept. Geol. Pal., Univ. Helsinki.
47 p.
Rönkä, E. 1970. Studies on bedrock topography con
cerning tunnel project Päijänne—Helsinki. Finnish
licentiate thesis, Dept. Geol. Pal., Univ. Helsinki.
66p.
Rönkä, E. & Turtiainen, P. 1980. Kalliopohjavesi veden
hankinnassa. Summary: Use of groundwater from
crystalline bedrock in the water supply. Vesitalous
2: 7—11.
Rönkä, E. & Uusinoka, R. 1980. Correlation berween
composition of crystalline bedrock and water quality
of rock wells in Finland. 26th Int. Geol. Cong.,
Section 15. Paris.
Rönkä, E., Uusinoka, R. & Vuorinen, A. 1980. Geoche
mistry of ground water in the Precambrian crystalline
bedrock of Finland in relation to the chemical
composition of the reservoir rocks. Publications of
the Water Research Institute 38: 41—53.
Salmi, M. (Senior) 1963: Suolaista vettä kalliokaivosta
Seinäjoella. Summary: Salme water from a well drilled
into bedrock at Seinäjoki. Geologi 6: 56—60.
Salmi, M. (Junior) 1980. Kalliopohjaveden havaintover
koston havaintotulokset 1979—1980. Geologinen tut
kimuslaitos, ydinjätteiden sijoitustutkimusten projek
tiryhmä. Tiedonanto 17.
Salmi, M. (Junior) 1981. The correlation of ground
water conditions to the topography and fracturing of
the bedrock, and the possibilities of their utilization
in water supply and disposing of nuclear wastes.
Finnish licentiate thesis, Dept. Geol. Pal., Univ.
Helsinki.
55
Salminen, R. 1980. On the geochemistry of copper in
the Quaternary deposits in the Kiihtelysvaara area,
North Karelia, Finland. 48 p. Geol. Surv. Finland,
Buli. 309.
Sederhoim, J.J. 1913. Weitere Mitteilungen uber Bruch
spalten mit besonderer Beziehung zur Geomorphologie
von Fennoskandia. 66 p. Buil. Comm. gol. Finlande
37.
Simonen, A. 1960. Pre-Quaternary rocks in Finland. 49 p.
Buli. Comm. gfol. Finlande 191.
Simonen, A. 1980. The Precambrian in Finland. 58 p.
Geol. Surv. Finland, Bull. 304.
Soveri, J. 1981. Fluoridit Suomen pohjavesissä. Summary:
Fluorides in Finnish groundwater. Ympäristö ja ter
veys 3: 225—229.
Tamm, 0. 1974. Leaching of plant nutrients from soils as
a consequence of forestry operations. Ambio 3, 6:
211—221.
Tröften, P.F. 1973. Ground water utilization in hard
rocks. 47 p. Stockholm. Atias Copco MCT. MCT
Printed Matter 15317a.
Uhl Jr., V.W., Nagabhushanam, K. & Johansson, J.O.
1979. Hydrogeology of crystalline rocks: Case studies
of two areas in India. Nordic Hydrology 10: 227—308.
Uusinoka, R. 1975. A study of the composition of
rock-gouge in fractures of Finnish Precambrian bed
rock. Soc. Sci. Fenn. Comm. Phys-Math. 45, 1: 1—
101.
Vesihallitus, 1973. Vesiviranomaisten käyttämät näyt
teenottomenetelmät. 41 p. Helsinki. Publications of
the National Board of Waters 6.
Vesihallitus, 1980. Hydrological Yearbook 1976—1977.
Helsinki. Publications of the Water Research Insti
tute 35.
Virkkala, K. 1959. Suomen geologinen kartta 1:100 000,
lehti 2043, Kerava, maaperäkartan selitys. Geologinen
tutkimuslaitos. 99 p. Helsinki.
Voipio, A. (ed.) 1981. The Baltic Sea. Elsevier. 418 p.
Vuorela, P. 1979. Shear zones and ore formation in the
central Baltic Shield, Finland. International Confer
ence on Shear Zones in Rocks, Barcelona, 15—16.5.
1979. Abstract.
Vuorela, P. & Nimi, H. 1982. Fracture pattern of the
Finnish bedrock affecting nuclear waste disposal.
Soviet-Finnish Seminar on the Management of Nuc
lear Power Plant Radioactive Wastes, Otaniemi. 13 p.
Wenner, C.G. 1951. Grundwattenförhållanden i södra
Sveriges berggrund. Teknisk tidskrift 47: 1—6.
Wilkman, W.W. 1931. Suomen geologinen yleiskartta,
lehti C4, Kajaani, 1:400 000. General geological map
of Finland. Kivilajikartan selitys, Suomen geologinen
toimikunta. 247 p. Helsinki.
Wilkman, W.W. 1938. Suomen geologinen yleiskartta,
lehti C3, Kuopio, Kivilajikarran selitys. Suomen geo
loginen toimikunta. 171 p. Helsinki.
Vuorinen, A., Mantere-Alhonen, 5., Uusinoka, R. & Al
honen, P. 1981. Bacterial weathering of rapakivi
granite. Geomicrobiology journal 2,4: 317—325.
Wäre, M. 1959. Fluori ja rauta Suomen pohjavesissä.
Teknillinen aikakausilehti 7: 160—162.
Wäre, M. 1961. Talousveden laatu ja vedenottopaikat
Suomen maalaiskunnissa vuonna 1958 lääneittäin.
The quality of household water and the water
supplies in the rural communities of Finland in
1958, by the administrative districts. 32 p. Maa- ja
vesiteknillisiä tutkimuksia — Soil- and Hydrotechni
cal Investigations 9.1.
A
pp
en
di
x
1.
Qu
ali
ty
o
f
gr
ou
nd
w
at
er
co
n
ta
in
ed
in
be
dr
oc
k
by
st
ud
y
ar
ea
s.
Th
e
co
n
tr
ol
ar
ea
is
lo
ca
te
d
in
th
e
H
el
sin
ki
di
str
ic
t,
an
d
its
o
bs
er
va
tio
n
po
in
ts
ar
e
in
th
e
sa
m
e
ro
ck
fo
rm
at
io
n
w
ith
in
an
ar
ea
o
f
les
s
th
an
on
e
sq
ua
re
ki
lo
m
et
er
.
=
ar
ith
m
et
ic
m
ea
n,
s
=
st
an
da
rd
de
vi
ati
on
, n
=
n
u
m
be
r o
fd
et
er
m
in
at
io
ns
.
M
id
dl
e
Fi
nl
an
d
Sa
vo
H
el
si
nk
i
di
st
ri
ct
V
eh
m
aa
C
on
tr
ol
ar
ea
A
li
de
te
rm
in
at
io
ns
s
n
s
n
5
s
-
n
s
n
s
n
s
n
pH
6.
8
0.
7
21
0
6.
8
0.
6
11
5
7.
0
0.
6
44
6.
8
0.
9
11
6.
9
0.
8
14
6.
8
0.
6
39
4
sp
ec
ifi
c
c
o
n
du
ct
an
ce
m
S/
m
25
.8
14
.1
21
0
30
.0
17
.3
11
5
21
.7
8.
0
44
84
.0
64
.7
11
21
.8
9.
4
14
28
.0
20
.2
39
4
to
ta
l
ha
rd
ne
ss
dH
°
4.
3
2.
6
20
9
5.
2
3.
2
11
4
3.
5
1.
9
49
7.
8
4.
5
11
4.
1
2.
3
14
4.
5
2.
8
39
7
C
a
m
g?
l
19
.5
12
.4
20
9
24
.3
16
.3
11
4
17
.5
9.
8
49
38
.1
23
.3
11
20
.7
13
.4
14
21
.2
14
.1
39
7
M
g
m
g/
l
6.
8
4.
5
20
9
7.
6
5.
2
11
4
4.
7
3.
0
49
10
.1
6.
0
11
5.
4
2.
1
14
6.
8
4.
7
39
7
N
a
m
g/
l
15
.8
16
.5
10
9
17
.8
14
.4
11
4
27
.3
31
.5
49
98
.2
-
94
.9
-
11
11
.0
5.
8
14
19
.9
27
.2
39
7
K
m
g/
l
4.
1
5.
7
20
9
8.
4
14
.1
11
4
2.
3
1.
1
49
6.
1
2.
6
11
1.
8
0.
9
14
5.1
8.
9
39
7
S
i0
2
m
g/
l
19
.2
6.
3
20
9
19
.0
6.
6
11
4
14
.0
4.
1
49
15
.0
3.
4
11
12
.4
3.
5
14
18
.1
6.
4
39
7
Fe
m
g/
1
0.
82
1.
58
21
0
1.
42
2.
00
11
4
0.
31
0.
42
51
3.
21
2.
62
9
0.
21
0.
30
14
0.
98
2.
08
39
8
M
n
m
g/
1
0.
25
0.
51
21
0
0.
31
0.
92
11
5
0.
07
0.
10
51
0.
34
0.
22
11
0.
02
0.
04
14
0.
24
0.
62
40
1
S
0
4
m
g/
l
14
.4
12
.8
20
9
21
.9
16
.8
11
4
20
.0
14
.4
49
73
.6
58
.0
11
18
.4
6.
8
14
19
.0
19
.3
39
7
P
0
4
m
g/
l
0.
03
0.
05
21
0
0.
05
0.
12
10
7
0.
04
0.
04
49
0.
06
0.
08
11
0.
01
0.
01
14
0.
03
0.
08
39
1
C
l
m
g/
l
17
.5
21
.7
20
9
19
.7
26
.5
11
2
21
.1
36
.3
52
10
7.
7
14
3.
0
11
9.
0
3.
6
14
20
.8
36
.7
39
8
F
m
g/
l
0.
7
0.
6
18
9
0.
3
0.
3
11
4
0.
7
0.
7
50
1.
5
1.
0
11
0.
2
0.
2
14
0.
6
0.
6
37
8
N
H
4—
N
m
g/
l
0.
06
0.
21
21
0
0.
09
0.
30
11
4
0.
02
0.
03
51
0.
11
0.
13
11
0.
00
0.
00
14
0.
06
0.
22
40
0
N
0
2—
N
m
g/
l
0.
01
0.
10
21
0
0.
00
0.
01
10
8
0.
00
0.
00
51
0.
00
0.
00
8
0.
00
0.
00
14
0.
01
0.
07
39
1
N
0
3—
N
m
g/
l
1.
5
2.
8
21
0
1.
9
3.
7
10
6
0.
8
1.
4
52
0.
08
0.
20
11
2.
3
1.
7
14
1.
5
2.
9
39
3
C
ol
or
m
g/
l
Pt
25
67
21
0
32
50
11
4
10
15
37
11
0
81
11
9
9
14
27
60
38
6
C
O
D
m
g/1
02
2.
3
2.
8
21
0
2.
1
2.
0
11
5
1.
3
1.
2
51
4.
9
3.
3
11
1.
6
1.
7
14
2.
2
2.
5
40
1
C
u
pg
/l
22
25
37
45
50
41
15
21
9
9
-
6
2
29
23
14
31
38
10
3
Z
n
pg
/l
65
1
11
68
37
30
8
60
1
41
56
46
9
58
81
2
20
6
23
4
14
39
0
82
1
10
3
C
d
pg
/l
0.
7
0.
9
38
0.
0
0.
2
41
0.
0
0.
0
9
0.
0
0.
0
2
0.
2
0.
8
14
0.
3
0.
7
10
4
Pb
pg
/l
1.
6
1.
5
37
1.
4
4.
9
41
1.
7
5.
0
9
2.
5
0.
7
2
1.
3
4.
3
14
1.
5
3.
8
10
3
N
i
pg
/l
3.
8
4.
8
37
0.
8
2.
1
40
0.
0
0.
0
9
0.
0
0.
0
2
0.
6
2.
1
14
1.
8
3.
6
10
2
2
2
2
p
,
pC
i/1
12
80
0
22
20
0
17
9
80
00
11
20
0
10
7
46
80
0
98
00
0
51
29
60
0
38
20
0
11
14
00
90
0
14
16
20
0
42
60
0
36
2
2
2
6
R
a
pC
i/l
0.
6
0.
9
17
9
0.
5
0.
8
11
1
2.
3
4.
2
51
2.
7
2.
6
11
0.
0
0.
1
14
0.
8
1.
9
36
6
G
ro
ss
a
lp
ha
a
c
tiv
ity
pC
i/1
11
.8
26
.4
17
9
10
.3
49
.7
11
1
51
.1
12
9.
7
51
21
.1
40
.0
11
0.
8
1.
3
14
16
.7
60
.2
36
6
57
Appendix 2. Quality of the ground water contained in bedrock by rock groups, which
have been formed on the basis of observations as follows: felsic plutonic rocks = granite,
granodiorite, quartz diorite, porphyry granite; silicic schists = mica gneiss, banded
gneiss, granite gneiss, gneiss, mica schist; rapakivi granite = rapakivi; mafic rocks =
amphibolite gabbro,hornblende gneiss, amphibole gneiss, diorite. = arithmetic mean,
s standard deviation, n = number of determinations.
Felsic plutonic Silicic schists Rapakivi granite Mafic rocks
rocks
ii s n ii s n 51 s n s n
pH 6.8 0,7 205 6.8 0.6 131 6.3 0.5 7 7.0 0.6 33
Specific conductance mS/m 23.6 12.3 205 31.0 25.6 131 63.0 47.5 7 34.5 18.5 33
Total hardness dH° 3.9 2.2 207 5.0 3.2 131 8.0 4.7 7 6.4 3.2 34
Ca mgfl 17.8 11.0 207 23.1 15.2 131 39.4 26.2 7 30.8 16.1 34
Mg mg/l 5.9 3.7 207 7.6 5.5 131 10.8 5.1 7 8.9 5.2 34
Na mg/l 16.7 21.3 207 23.2 33.3 131 60.0 64.9 7 20.1 17.9 34
K mg/1 4.0 6.5 207 6.3 9.9 131 6.8 3.1 7 6.9 15.0 34
Si02 mg/l 18.0 6.2 207 18.6 6.7 131 16.7 2.7 7 19.0 6.5 34
Fe tng/l 0.71 1.51 210 1.42 2.86 129 3.34 2.68 7 0.60 0.01 34
Mn mg/l 0.20 0.48 210 0.32 0.87 132 0.44 0.20 7 0.27 0.38 34
S04 mg/1 15.5 14.3 207 21.7 22.5 114 59.1 55.8 7 19.4 10.6 34
P04 mg/l 0.03 0.05 205 0.05 0.11 130 0.03 0.02 7 0.03 0.04 32
Cl mg/l 16.2 23.4 207 23.7 46.8 132 66.4 99.6 7 31.3 37.3 33
F mg/l 0.6 0.6 197 0.4 0.5 125 2.0 0.9 7 0.5 0.6 34
NH4—N mg/l 0.04 0.18 210 0.10 0.29 131 0.07 0.05 7 0.07 0.18 34
N02—N mg/1 0.01 0.10 205 0.00 0.01 128 0.00 0.00 7 0.00 0.00 33
N03—N mg/l 1.53 2.63 204 1.58 3.44 130 0.01 0.02 7 1.38 2.62 33
Color mgIl Pt 22 67 203 34 54 126 113 81 7 21 29 33
COD mg/1 02 2.0 2.7 210 2.5 2.5 132 2.8 1.4 7 2.0 1.8 34
Cu pgll 21 20 51 42 52 36 9 6 2 57 49 8
Zn pg/l 395 825 51 493 969 36 58 81 2 191 238 8
Cd pg/l 0.3 0.8 52 0.3 0.7 36 0.0 0.0 2 0.1 0.4 8
Pb Og/l 1.4 3.2 51 1.9 5.2 36 2.5 0.7 2 0.8 1.4 8
Ni Og/i 1.9 3.8 50 2.0 4.0 36 0.0 0.0 2 1.3 2.3 8
222p pCi/1 18500 52500 186 10800 22500 120 32900 47500 7 10100 12600 31
226Ra pCi/1 0.8 1.8 188 0.8 2.2 122 2.2 1.4 7 0.6 0.8 31
Gross alpha activity pCi/1 17.3 52.4 188 11.1 31.1 122 8.1 5.2 7 13.1 34.8 31
